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ABSTRACT 


Pcesented  herein  are  overviews  of  state-of-the-art  technologies 
applicable  to  the  Stores  Management  System  and  Suspension  and  Release  Equip¬ 
ment  of  the  Advanced  Aircraft  Armament  System.  Technology  briefs  are  pre¬ 
sented  for  selected  areas,  and  references  are  made  to  detailed  sources  of 
desired  information.  i 


NOTICE 

The  information  contained  in  the  technology  briefs  of  this 
document  was  obtained  from  published  literature  and  from 
personal  contact  with  cognizant  sources.  No  claim  is  made 
by  ARINC  Research  Corporation  of  the  validity  of  the 
information  obtained,  although  efforts  were  made  to  assure 
that  specific  items  of  information  were  supported  by  more 
than  one  source. 


FOREWORD 


This  report  documents  the  results  of  a  Technology  Overview  Project  for 
the  Advanced  Aircraft  Armament  System  (AAAS) .  The  project  was  performed  for 
the  AAAS  Technical  Program  Office  of  the  U.S.  Naval  Weapons  Center,  China 
Lake,  California,  under  Contract  N60530-80-C-0270. 

Described  in  this  report  are  the  approach  to  performing  the  project  and 
the  resultant  technology  interpretations.  These  interpretations  are  appli¬ 
cable  to  Suspension  and  Release  Equipment  and  the  Stores  Management  Systems 
for  the  AAAS  Program. 

The  effort  described  herein  covered  the  period  from  October  1980  through 
mid-May  1981,  and  was  performed  at  the  Santa  Ana  Branch  of  ARINC  Research 
Corporation. 

Our  company  wishes  to  thank  Mr.  Tom  Leese  of  the  AAAS  Program  Office  and 
his  staff  for  their  earnest  support  to  the  Technology  Review  Project.  In 
particular,  we  extend  our  appreciation  to  Messrs.  Phil  Gill,  Don  Piazza, 

Ron  Jones,  Clay  Panlsqui,  Ray  Smith,  Joe  Mendiola,  Curt  Sandberg,  and 
John  Haney. 

We  further  extend  our  thanks  to  those  persons  and  organizations  who 
granted  permission  to  reproduce  the  data  and  material  supporting  the  tech¬ 
nology  briefs. 
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SUMMARY 


A  technology  overview  of  Suspension  and  Release  Equipment  (S&RE)  and  the 
Stores  Management  System  (SMS)  of  the  Advanced  Aircraft  Armament  System 
(AAAS)  was  conducted.  A  comprehensive  investigation  was  made  of  the  state  of 
the  art  of  a  variety  of  technology  disciplines  that  could  potentially  be 
implemented  in  the  Advanced  Development  Model  for  the  AAAS  Program,  as  well 
as  for  future  aircraft  armament  systems.  Results  are  presented  in  this 
report,  which  has  been  prepared  as  a  guide  for  those  involved  in  future 
design  and  development  efforts  for  S&RE  and  SMS. 

The  study  involved  a  thorough  search  of  computerized  data  sources,  tech¬ 
nical  reports  by  U.S.  and  foreign  government  agencies,  trade  and  technical 
journals,  manufacturer  literature,  and  documented  results  of  developmental 
programs  for  Navy  Participating  Field  Activities.  Several  thousand 
abstracts  were  evaluated  for  latest  information  relative  to  risk,  cost,  and 
development  trends  of  the  selected  technology  disciplines.  Selected 
abstracts  from  these  sources  were  coded  in  accordance  with  an  appropriate 
work  breakdown  structure  for  the  AAAS.  Detailed  documentation  was  then 
collected  and  analyzed,  and  reference  sheets  prepared  on  those  providing 
useful  information. 


From  the  detailed  data,  "technology  briefs"  presenting  an  overview  of 
present  and  projected  applications  in  each  technological  area  were  prepared. 
These  briefs  address  the  following  technologies: 


Suspension  and  Release 
Equipment 


Stores  Management 
System 


Aerodynamics 

Controls 

Corrosion 

Fluidics 

Hydraulics 

Manufacturing 


Materials 

Pneumatics 

Pyrotechnics 

Reliability 

Safety 


Computers 

Controls/Displays 

Data  Bus 

Electrical 

Electromagnetic 

Environment 

Fiber  Optics 

Languages 


Large  Scale 
Integration 

Lasers 

Memory 

Packaging 

Reliability 

Software 

Switching 


vii 


Premised  on  state-of-the-art  information  for  the  above  technology  dis¬ 
ciplines,  it  appears  that  significant  benefits,  in  terms  of  reduced  life- 
cycle  costs  and  overall  system  performance,  are  possible  for  the  AAA S  if  the 
guidelines  presented  in  the  technology  briefs  are  carefully  considered  in 
future  SSRE  and  SMS  developments. 
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ABBREVIATIONS 


AAAS 

Advanced  Aircraft  Armament  System 

A/D 

Analog/d ig i tal 

ADM 

Advanced  Development  Model 

A2I2 

Advanced  Aircraft  Interoperable  Interface 

AFAL 

Air  Force  Avionics  Laboratory 

AIDS 

Avionics  Integrated  Display  System 

ALOFT 

Airborne  Light  Optical  Fiber  Transmission 

APD 

Avalanche  photo  diode 

ATR 

Air  transport  rack 

BIT 

Built-in  test 

BITE 

Built-in  test  equipment 

CAD/CAM 

Computer-aided  design/computer  aided  manufacturing 

CCD 

Charge-coupled  device 

CDRL 

Contract  data  requirements  list 

CERT 

Combined  environmental  reliability  test 

CMOS 

Complementary  metal  oxide  semiconductor 

CMS-2M 

Compiler  Monitor  System  -  2M  (high-order  language) 

CRT 

Cathode  ray  tube 

D/A 

Digital/analog 

dB 

Decibel 

DB 

Diffusion  bonding 

DIP 

Dual  in-line  package 

DMOS 

Double-diffused  metal  oxide  semiconductor 

DoD 

Department  of  Defense 

DTE 

Data  transfer  equipment 

i 


ix 


EAPROM 

EDB 

EEPROM 

EMC 

EMI 

EMP 

EMUX 

EOS 

FEDB 

FET 

FORTRAN 

GaAlAs 

GaAs 

GIDEP 

HIP 

HMOS 

HOL 

HSD 

HOD 

IC 

ICP 

InGaAsP 

I/O 

I-SEM 

JOVIAL 

KOPS 

LCD 

LED 
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Electrically  alterable  programmable  read-only  memory 
Engineering  data  bank 

Electrically  erasable  programmable  read-only  memory 

Electromagnetic  compatibility 

Electromagnetic  interference 

Electromagnetic  pulse 

Electrical  multiplex 
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High  performance  metal  oxide  semiconductor 

High-order  language 
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Heads  up  display 

Integrated  circuit 

Integrated  control  panel 

Indium  gallium  arsenide  phosphide 

Input/output 
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Jules  Own  Version  of  International  Algorithm  Language 

Thousands  of  operations  per  second 

Liquid  crystal  device 

Light  emitting  diode 

Liquid  metal  plasma  valves 

AFAL  program  for  developing  low-cost  aircraft  alloys 

Large-scale  integration 

Modular  Avionics  Packaging  (program) 

Metrology  Data  Bank 
Multipurpose  display  indicator 
Multipurpose  display  repeater  indicator 
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MOS 

MOSFET 

MSG- 2 

MSI 

MUSE 

NASC 

NATO 

NMOS 

NWC 

OMSI 

PABST 

PCB 

PCE 
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PHP 

PROM 

RAM 

RCM 

R&D 

RFI 

RFP 

RIW 

RMDB 
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S&RE 

SCR 

SEM 

SMA 

SMS 

SOW 

SPF 

SSI 

TAB 

TCM 


Metal  oxide  semiconductor 

Metal  oxide  semiconductor  field-effect  transistor 
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Medium-scale  integration 

Modular  unit  suspension  equipment 
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Section  1 


INTRODUCTION 


ARINC  Research  Corporation,  under  contract  with  the  Advanced  Aircraft 
Armament  System  (AAAS)  Technical  Program  Office,  Code  31403,  performed  a  Tech¬ 
nology  Overview  Project  encompassing  Suspension  and  Release  Equipment  (S&RE) 
and  the  Stores  Management  System  (SMS)  of  the  AAAS.  The  project  was  per¬ 
formed  from  1  October  1980  through  15  May  1981  under  Contract  N60530-80-C- 
0270,  issued  by  the  Avionics  Division  of  the  Aircraft  Weapons  Integration 
Department,  Laboratory  Directorate,  of  the  Naval  Weapons  Center  (NWC) ,  China 
Lake,  California. 


1.1  BACKGROUND 

The  AAAS  evolved  from  requirements  presented  by  Navy  operational  com¬ 
manders  during  the  mid-1970s.  Their  assessments  of  future  aircraft  missions 
indicated  that,  in  the  mid-1990  timeframe,  substantially  advanced  armament 
capabilities  in  the  areas  of  performance,  safety,  reliability,  and  maintain¬ 
ability  will  be  required.  Another  important  need  for  future  aircraft  arma¬ 
ment  systems  will  be  the  interoperability  of  various  types  of  aircraft  and 
stores. 

In  response  to  these  needs,  the  Navy  has  initiated  the  Advanced  Aircraft 
Armament  System  Program.  The  specific  objective  of  the  AAAS  Program  is  to 
design,  develop,  and  test  new  equipment  that  will  satisfy  future  operational 
requirements  for  Navy  aircraft.  Prototype  hardware/software  will  be  devel¬ 
oped  and  an  Advanced  Development  Model  (ADM)  of  the  system  will  be  fabricated 
and  validated.  The  final  product  of  the  system  will  be  a  compendium  of  mili¬ 
tary  specifications  and  standards  that  define  the  physical  and  functional 
characteristics  of  the  AAAS. 

The  AAAS  includes  the  major  subelements  identified  in  the  WBS  shown  in 
Figure  1.  However,  for  the  technology  overview  described  herein,  only  the 
S&RE  and  SMS  are  of  concern.  The  S&RE  includes  elements  such  as  primary  sta¬ 
tions,  missile  launchers,  special  stations,  multiple  stores  adapters,  and  the 
necessary  integration  equipment.  The  SMS  includes  such  equipment  as  process 
control,  control/display,  stores  station,  data  transfer,  and  power  condition¬ 
ing;  and  the  necessary  operational  software  to  make  the  AAAS  function  prop¬ 
erly.  Because  of  the  diversity  of  the  elements  of  the  AAAS,  a  wide  range  of 
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Figure  1.  SUMMARY  PRODUCT  WORK  BREAKDOWN  STRUCTURE 
FOR  ADVANCED  AIRCRAFT  ARMAMENT  SYSTEM 


technologies  will  be  applicable  to  the  system.  It  is  also  anticipated  that 
many  technologies  will  have  application  in  more  than  one  AAAS  element. 


The  AAAS  is  currently  in  the  Requirements  Definition  Phase  and  will 
shortly  move  into  the  Design  and  Development  Phase.  The  Navy  plans  to  award 
contracts  for  competitive  development  of  AAAS  specifications.  Based  on  the 
Government's  assessment  of  those  results,  a  contract  will  be  awarded  in  the 
latter  part  of  FY81  to  develop  an  ADM.  Feasibility,  cost,  risk,  and  perform 
ance  assessments  will  be  aspects  of  the  selection  of  sources  for  the  specifi¬ 
cation  development  and  ADM  development  contracts. 

As  NWC  plans  the  selection  of  contractors  and  manages  the  AAAS  Program, 
it  will  be  faced  with  many  decisions  that  will  impact  the  ultimate  cost,  per¬ 
formance,  operational  dates,  and  development  risks  associated  with  the  AAAS. 
Such  decisions  will  be  required  during  both  the  source  selection  for  the  spec 
fication  development  contracts  and  the  development  of  those  specifications. 
Many  decisions  will  require  sound  knowledge  of  multiple  technological  areas, 
both  to  establish  the  level  of  confidence  to  be  assigned  to  competitive  con¬ 
tractor  inputs  and  to  assess  quantitative  or  qualitative  factors  beyond  the 
scope  of  contractor  consideration. 

It  was  with  the  intent  of  obtaining  state-of-the-art  technology  informa¬ 
tion  for  potential  application  to  the  SMS  and  S&RE  that  NWC  contracted  for 
the  project  performed  and  described  in  this  report. 


1.2  PROJECT  OBJECTIVES 

The  overall  objective  of  the  Technology  Overview  Project  was  to  acquire 
accurate,  up-to-date  information  regarding  aircraft  armament  technologies. 

The  technology  information  provided,  along  with  projections  of  their  develop¬ 
ment  trends,  application  risks,  and  cost  directions,  will  permit  NWC  techni¬ 
cal  personnel  to  evaluate  alternatives  associated  with  development  of  the 
S&RE  and  SMS  subelements  of  the  AAAS. 

In  addition  to  this  overall  objective,  a  number  of  specific  objectives 
were  defined: 

.  Preparation  of  a  comprehensive  master  plan  to  guide  and  direct  the 
conduct  of  the  project. 

.  Identification,  search,  and  interpretation  of  appropriate 
technologies  and  their  application  to  S&RE  and  SMS. 

.  Compilation  of  technology  information  into  WBS  data  packages  that 
reflect  an  accurate  summation  of  the  latest  technologies  and  esti¬ 
mates  of  their  development  trends,  application  risks,  and  cost 
directions. 

.  Conduct  of  technical  coordination  meetings  (TCMs)  with  authorized  NWC 
technical  representatives  to  permit  review  and  approval  of  project 
results  and  provide  direction  between  major  phases  of  the  project. 
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.  Documentation  of  completed  phase  activities  in  a  series  of  progress 
reports,  and  preparation  of  a  Technology  Review  Report  to  present  the 
detailed  results  of  the  project. 

1.3  PROJECT  SCOPE 

The  Technology  Overview  Project  included  the  acquisition,  interpreta¬ 
tion,  and  documentation  of  technology  data  concerning  S&RE  and  SMS  of  the 
AAAS  Program.  Technology  data  were  obtained  from  unclassified,  confidential, 
and  secret  sources  of  information  produced  as  far  back  as  1970  and  most  cur¬ 
rently  in  March  1981. 


1.4  ORGANIZATION  OF  REPORT 

This  Technology  Overview  Report  is  organized  as  follows: 

.  Section  1  —  Describes  the  background  of,  rationale  for,  and  scope  of 
this  study,  and  outlines  specific  project  objectives. 

.  Section  2  —  Describes  the  technical  approach  to  performing  the  study. 

.  Section  3  —  Presents  the  results  of  the  study  in  the  form  of  technol¬ 
ogy  briefs  for  S&RE  and  SMS  technologies. 

.  Appendixes  —  Provide  support  information.  Appendix  A  presents  tech¬ 
nology  profiles  and  matrices.  Appendix  B  contains  key  word/phrase 
lists,  and  Appendix  C  identifies  data  sources. 
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Section  2 


TECHNICAL  APPROACH 


This  section  addresses  the  technical  approach  to  the  AAAS  Technology 
Overview  Project.  A  summation  of  the  approach  is  presented  in  Section  2.1, 
with  details  provided  in  Section  2.2. 

2.1  SUMMATION  OP  APPROACH 

To  accomplish  the  project  objectives  listed  in  Section  1,  ARINC  Research 
formulated  a  seven-phase  technical  approach  based  on  the  corresponding  number 
of  phases  identified  in  paragraph  4  of  the  Statement  of  Work  (SOW) .  Each  of 
these  phases  was  divided  into  specifically  defined  tasks,  as  follows: 

.  Phase  I  —  Project  Plan 

Task  1-1 :  Identify  requirements. 

Task  1-2:  Prepare  project  plan. 

.  Phase  II  —  Search  Strategy 

Task  II-l:  Formulate  technology  profiles. 

Task  II-2:  Prepare  technology  matrices. 

Task  II-3:  Prepare  key  word/phrase  lists. 

.  Phase  III  —  Technology  Search 

Task  III-l:  Perform  technology  information  search. 

Task  III-2:  Document  technology  information. 

.  Phase  IV  —  Technical  Interpretation 

Task  IV-1:  Assess  technology  information. 

Task  IV-2:  Prepare  WBS  data  packages. 

Task  IV-3:  Prepare  Technology  Review  Report  outline. 

Task  IV-4:  Formulate  supplemental  effort  recommendations. 

.  Phase  V  —  Supplemental  Search-Interpretation 
Task  V-l:  Develop  additional  search  words. 

Task  V-2:  Perform  supplementary  technology  search. 

Task  V-3 :  Conduct  detailed  interpretation. 
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.  Phase  VI  —  Draft  Technology  Report 

Task  VI-1:  Prepare  draft  Technology  Overview  Report. 

Task  VI-2:  Submit  draft  Technology  Overview  Report. 

.  Phase  VII  -  Technology  Overview  Report 

Task  VII-1:  Prepare  final  Technology  Overview  Report. 

Task  VII-2:  Submit  final  Technology  Overview  Report. 

The  schedule  for  performing  the  above  tasks  is  shown  in  Figure  2. 


2.2  DETAILED  TECHNICAL  APPROACH 

The  phases  and  tasks  of  this  study  are  discussed  below  under  four  major 
headings:  Project  Master  Plan,  Search  Strategy,  Technology  Search,  and  Tech¬ 
nical  Interpretation. 

2.2.1  Project  Master  Plan 

Preparation  of  the  Project  Master  Plan  was  the  first  step  in  the  conduct 
of  the  Technology  Overview  Project.  This  plan  provided  an  overall  statement 
of  project  objectives,  defined  the  tasks  required  to  meet  the  objectives,  and 
presented  associated  schedule  and  funding  information.  Approval  of  the  plan 
was  obtained  from  NWC  (Code  31403)  early  in  the  program  and  prior  to  pro¬ 
ceeding  with  the  study. 

2.2.2  Development  of  Search  Strategy 

The  search  strategy  formulated  provided  for: 

.  Identification  of  fourth-level  WBS  elements  of  S&RE  and  SMS 

.  Identification  of  technologies  having  potential  application  to  those 
elements 

.  Preparation  of  technology  profiles  and  matrices  reflecting  the  spec¬ 
trum  of  technologies  potentially  applicable  to  appropriate  WBS 
elements 

.  Generation  of  key  words/phrases  for  search  guidance. 

2. 2. 2.1  Derivation  of  WBS  Elements 

The  third-level  WBS  items  (e.g..  Primary  Stations,  WBS  BB)  were  identi¬ 
fied  from  the  SOW.  These  elements  were  further  defined  to  the  next  WBS  level 
(e.g..  Ejector  Rack)  to  help  select  technological  areas  of  importance  to  S&RE 
and  SMS.  That  is,  while  it  is  clear  what  a  primary  station  is,  the  specific 
applicable  technologies  cannot  be  accurately  identified  unless  more  details 
of  primary-station  elements  are  available.  For  example,  by  knowing  that 
ejector  racks  are  part  of  primary  stations,  it  is  reasonable  to  assume  that 
various  types  of  power  sources  for  weapon/store  ejection  would  be  applicable 
technologies. 


i 


Figure  2.  TECHNOLOGY  REVIEW  PROJECT  SCHEDULE 


The  lower-level  WBS  elements  were  identified  from  AAAS  documentation 
(see  listing,  Appendix  C)  for  all  S&RE  and  SMS  items,  and  are  shown  in 
Figure  3. 

For  WBS  element  BH,  System  Tradeoff  Studies,  no  further  breakdown  was 
made  to  lower  level  elements  nor  was  any  effort  expended  in  this  study  under 
that  specific  category  since  those  lower  level  elements  represent  tasks  being 
performed  by  various  contractors  directly  for  the  AAAS  Program.  However, 
much  of  the  information  obtained  in  this  study  and  documented  herein  is  rele¬ 
vant  to  system  tradeoff  evaluations. 

2. 2. 2. 2  Technology  Disciplines 

Based  upon  the  WBS  element  descriptions,  it  was  practical  to  establish 
suitable  technology  disciplines  having  likely  applicability  to  the  AAAS. 

This  was  done  by  reviewing  program  documentation  and  conducting  technical 
discussions  with  NWC  specialists  in  the  S&RE  and  SMS  areas.  For  example,  the 
knowledge  that  power  sources  are  used  for  ejector  racks  of  primary  stations 
led  to  the  decision  that  hydraulics  and  pneumatics  would  be  technologies  of 
importance  to  the  power -source  function. 

After  the  candidate  technologies  were  selected,  their  scope  relative  to 
the  AAAS  Program  was  defined.  These  definitions  are  given  in  the  following 
paragraphs  for  S&RE  and  SMS. 

2. 2. 2. 2.1  S&RE  Technology  Definitions 

For  S&RE,  definitions  were  prepared  for  the  following  technology 
disciplines:  aerodynamics,  control,  corrosion,  fluidics,  pneumatics, 
hydraulics,  manufacturing,  materials,  pyrotechnics,  reliability,  and  safety. 
The  definitions,  as  tailored  specifically  to  S&RE,  follow. 

•  Aerodynamics.  This  technology  was  defined  in  relationship  to  the 
aerodynamic  impact  of  the  S&RE  station  and  related  elements. 

Important  areas  of  this  technology  include  wind  tunnel  facilities  and 
tests,  analytical  modeling  techniques,  and  structural  design  effects 
on  aircraft  and  weapons  operation. 

•  Control.  The  control  technology  encompasses  the  components  utilized 
for  direct  use  with  the  weapon  control  and  launching.  These  controls 
include  such  items  as  couplers,  hydraulic  and  pneumatic  valves  for 
regulating  pressure,  and  other  elements  such  as  sensors. 

.  Corrosion.  The  corrosion  technology  is  of  a  general  nature,  relating 
to  all  aspects  of  saltwater  and  stress  corrosion  that  could  be  expe¬ 
rienced  by  S&RE.  Important  to  this  technology  are  means  of  preclud¬ 
ing  or  lessening  corrosion. 

.  Fluidics.  Fluidics  include  power  sources  for  weapon  launching  that 
might  be  premised  on  hydraulic  or  some  other  fluid  system  design. 
Important  issues  for  fluidics  include  controls,  sensors,  and  relevant 
equipment  and  materials. 

.  Pneumatics.  Pneumatics  include  materials,  equipment,  and  methods 
having  potential  application  in  powering  weapon  launching  operations. 
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Valves,  actuators,  pumps,  and  other  components  are  considered 
important  to  this  technology.  The  ability  of  materials  to  withstand 
the  airborne  environment  as  well  as  the  high  pressures  of  the  power 
source  needed  for  launching  are  also  considered  critical. 

.  Hydraulics.  Hydraulics  encompass  the  materials,  equipment,  and 

methods  having  potential  use  in  powering  weapon  launching  operations. 
Components  such  as  valves,  actuators,  and  fluids,  and  their  ability 
to  operate  under  high  pressures,  are  important  aspects  of  this 
technology . 

.  Manufacturing.  The  manufacturing  technology  includes  any  technique 
or  process  that  could  be  used  in  the  development  and  fabrication  of 
S&RE.  These  might  include  manufacturing  methods  of  forging,  brazing, 
bonding,  and  superplastic  forming  and  other  processes  for  fabrication 
of  composite  structures  and  alloys. 

.  Materials.  This  technology  covers  those  materials  that  might  be  used 
for  constructing  all  or  part  of  S&RE.  Important  materials  include 

composites,  high-strength  alloys,  and  bonding  adhesives. 

• 

.  Pyrotechnics.  This  technology  concerns  the  devices  used  to  launch  or 
release  the  weapons  or  stores.  Of  importance  are  clean-firing  power 
sources,  greater  uniformity  and  reliability,  and  more  power  per  area 
from  propellants. 

.  Reliability.  Technology  relating  to  reliability  pertains  in  this 
study  to  S&RE  systems.  Current  practices  for  assuring  and  improving 
reliability  are  considered  important  since  new  techniques  in  the 
areas  of  pneumatics,  hydraulics,  and  fluidics  could  be  employed  in 
the  S&RE  design. 

.  Safety.  Safety  was  defined  in  terms  of  the  availability  of  methods 
or  systems  for  improving  stores  and  armament  safety.  Of  particular 
importance  are  aspects  of  safety  involving  hazards  analysis. 

2. 2. 2. 2. 2  SMS  Technologies 

For  the  SMS,  definitions  were  generated  for  the  following  areas  of  tech¬ 
nology:  computers,  control  and  display  equipment,  data  bus,  electrical, 
electromagnetic  environment,  fiber  optics,  languages,  large-scale 
integration,  lasers,  memory,  packaging,  reliability,  software,  and  switching. 
The  definitions  follow. 

•  Computers.  Computer  technology  encompasses  the  hardware  for  poten¬ 
tial  implementation  of  the  process  control  equipment  (PCE)  that 
handles  executive  functions,  and  provides  the  "handshake"  or  arbitra¬ 
tion  between  other  SMS  modules  and  between  the  SMS  and  the  other  air¬ 
craft  avionics.  PCE  of  major  interest  are  minicomputers,  microcom¬ 
puters,  and  microprocessors  for  central  or  distributed  processing 
applications.  The  potential  use  of  microprocessors  for  system  inter¬ 
facing  and  signal  processing  is  also  an  important  part  of  computer 
technology . 


Controls  and  Displays.  This  technology  relates  to  the  hardware 
needed  for  aircrew-to-aircraf t  interface.  Of  interest  to  the  SMS  are 
displays  capable  of  providing  status  indications  and  cues  to  the  air¬ 
crew,  and  the  necessary  controls  and  displays  to  manage  the  stores 
load  during  the  mission  cycle. 

The  controls  of  importance  are  conventional  types  such  as  the  slewing 
handle,  master  arm  and  bomb  button,  and  those  used  for  selecting 
modes,  deploying  stores,  and  conducting  tests  and  checks. 

Programmable  multifunction  controls  are  considered  of  interest  in 
performing  SMS  functions. 

In  the  area  of  displays,  important  features  are  multifunction  CRTs 
with  panels,  and  discrete  indicators  for  stores  operations.  Also 
important  are  CRT  devices  used  in  support  of  radar,  infrared,  and 
optical  imaging  seekers. 

Data  Bus.  This  technology  is  critical  to  data  transfer  equipment  in 
terms  of  data  buses.  Key  aspects  include  bus  controllers  and  remote 
terminals,  twisted  shielded  pairs  and/or  fiber  optics  data  buses, 
conventional  wiring,  and  safety  or  security  devices.  All  aspects  of 
the  MIL-STD-1553B  data  bus  are  of  significance  to  this  technology. 

Electr ical.  This  technology,  although  very  general  in  scope,  was 
defined  to  encompass  hybrid  microcircuits  and  connector  components 
for  potential  application  to  the  SMS.  Hybrid  components  of  particu¬ 
lar  interest  are  amplifiers,  voltage  regulators,  power  supplies,  and 
A/D  and  D/A  converters. 

Electromagnetic  Environment.  This  technology  covers  electromagnetic 
compatibility  (EMC) ,  electromagnetic  pulse  (EMP) ,  and  electromagnetic 
interference  (EMI)  aspects  relative  to  their  impact  on  airborne  elec¬ 
tronic  systems.  Design/fabrication  techniques,  materials,  and  speci¬ 
fications  are  considered  key  elements  of  this  technology. 

Fiber  Optics.  The  fiber  optics  technology  was  defined  as  the 
alternative  method  to  the  electric-wire  approach  for  transmitting  and 
receiving  signals  and  data  for  the  SMS.  Of  importance  are  devices 
such  as  connectors,  emitters,  receivers,  cables  and  others  that  could 
be  implemented  for  potential  use  in  data  transfer  equipment  of  the 
SMS. 

Language.  This  technology  encompasses  the  higher  order  languages 
applicable  to  stores  management,  and  includes  all  operational  and 
executive  software  required  to  develop  and  integrate  SMS  modules. 
Important  issues  for  language  technology  are  maturity,  documentation, 
modularity,  specification,  and  system  compatibility. 

Large-Scale  Integration.  Large-scale  integration  (LSI)  covers  a  gen¬ 
eralized  category  of  devices  or  circuits  applicable  to  the  SMS.  Cir¬ 
cuits  such  as  microprocessors,  A/D  and  D/A  converters,  and  others  for 
interfacing  SMS  modules  with  the  data  bus  are  important  areas  of  LSI 
technology.  Tradeoffs  and  benefits  of  different  LSI  structures  in 
terms  of  advantages  for  SMS  application  are  also  important. 

Lasers.  Laser  technology  was  defined  as  that  portion  of  the  technol¬ 
ogy  applicable  to  the  use  of  high-performance  emitter  capability  for 


fiber  optics  applications.  Reliability  and  availability  are 
important  issues  of  laser  technology. 

.  Memory.  This  technology  embraces  the  different  memory  structures 
having  potential  application  to  airborne  data  storage  requirements, 
such  as  that  of  the  process  control  equipment  or  microprocessor 
interfaces  for  the  SMS.  Important  aspects  of  memory  devices  include 
erasability,  programmability,  reprogrammability,  nonvolatility,  and 
performance  in  terms  of  storage  capacity  and  access  times. 

.  Packaging.  This  technology  encompasses  potential  methods  for  enclos¬ 
ing,  fabricating,  structuring,  and/or  implementing  the  various  SMS 
modules.  Standard  electronic  modules  (SEMs) ,  standard  avionic 
modules  (SAMs) ,  and  other  packaging  concepts  including  printed 
circuit  boards  being  used  in  current  airborne  environments  are  of 
importance  to  this  technology. 

.  Reliability.  This  technology  comprises  state-of-the-art  practices 
for  enhancing  the  reliability  of  airborne  electronic  systems.  Built- 
in  test  (BIT)  availability,  maintainability,  failure  prevention,  and 
other  aspects  of  reliability  are  considered  important  to  this 
technology . 

.  Software.  The  software  technology  is  a  generalized  area  defined  to 
encompass  fault  tolerance  computing,  digital  code  safing,  distributed 
processing  architecture,  and  other  current  software  practices  that 
could  be  implemented  for  the  SMS. 

.  Switching.  The  switching  technology  includes  components  and  elements 
applicable  to  the  power  conditioning  function  of  the  SMS.  This  func¬ 
tion  includes  power  conversion  switching  and  interfacing  with 
aircraft  power  systems;  and  comprises  interlocks,  circuit  breakers, 
load  switches,  relays,  protection  circuitry,  and  transient  devices. 

2. 2. 2. 3  Technology  Profiles  and  Matrices 

Prom  the  information  obtained  for  the  WBS  elements  of  S&RE  and  SMS,  pri¬ 
mary-interest  technology  profiles  were  prepared.  These  profiles  represent  a 
breakdown  of  third-level  WBS  elements  into  categories  equatable  to  technology 
disciplines.  Each  profile  thus  represents  a  matrix  of  potentially  applicable 
technology  disciplines  versus  WBS  elements  below  the  third  level.  Figure  4 
is  an  example  of  a  technology  profile.  The  full  set  of  profiles  generated 
for  this  project  is  presented  in  Appendix  A. 

2. 2. 2. 4  Key  Word/Phrase  Lists  (Search  Words) 

To  facilitate  the  search  of  information  in  the  computerized  data  bases, 
it  was  necessary  to  prepare  descriptors  for  use  in  searching  the  abstracts 
contained  in  the  data  bases.  These  descriptors  were  prepared  as  key  words 
and  phrases  (search  words).  These  words  are  in  the  form  of  names,  titles,  or 
other  modifiers  describing  or  defining  particular  topics  of  interest  within 
the  applicable  technologies. 

The  key  word/phrase  lists  were  prepared  during  Task  II  of  Phase  II. 
Supplemental  search  words  were  prepared  during  Phase  V,  the  Supplemental 
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STORES  MANAGEMENT  SYSTEM, 
DATA  TRANSFER  EQUIPMENT  PROFILE 


Figure  4.  EXAMPLE  OF  TECHNOLOGY  PROFILE 


Search  Activity,  under  the  guidance  of  engineering  personnel  at  N WC.  The 
key  word/phrase  listings  are  presented  in  Appendix  B. 


2.2.3  Technology  Search 

The  key  words  and  phrases  were  used  to  guide  the  acquisition  and  compila¬ 
tion  of  information  applicable  to  the  selected  technology  spectra  identified 
for  S&KE  and  SMS.  The  principal  source  of  information  was  the  computerized 
Lockheed  DIALOG  Information  Retrieval  Service.  Other  sources  included  the 
Government-Industry  Data  Exchange  Program  (GIDEP) ,  technical  magazines  and 
periodicals,  ARINC  Research  reports,  and  interviews  with  DoD  Participating 
Field  Activities  (PFAs)  and  industry  technical  personnel.  Appendix  C  provides 
a  more  comprehensive  explanation  of  data  bases  and  a  listing  of  PFAs  and  indus 
try  personnel  contacted. 

2. 2. 3.1  Data  Acquisition 

Both  computerized  and  manual  techniques  were  used  to  acquire  data.  The 
data  searches  concentrated  on  obtaining  information  that  would  identify  the 
latest  advances  in  the  technological  areas  of  interest.  For  some  of  the 
selected  technologies,  the  search  yielded  what  appeared  to  be  dated  informa¬ 
tion;  however,  a  review  with  NWC  technical  representatives  established  that 
these  technologies  had  not  advanced  to  the  point  where  the  information  was 
outdated.  For  example,  only  limited  information  on  aerodynamics  was  identi¬ 
fied  for  recent  years  (1979-1981).  However,  NWC  personnel  expressed  the  opin¬ 
ion  that  the  state  of  the  art  of  some  technologies,  such  as  aerodynamics, 
progresses  at  a  much  slower  pace  than  that  of  other  technologies,  such  as 
fiber  optics.  Hence,  the  search  for  best  available  information  on  aerodynam¬ 
ics  was  extended  back  to  1969. 


2. 2. 3. 2  Data  Selection  and  Compilation 


As  information  (abstracts,  magazine  articles,  government  and  industry 
data,  etc.)  was  acquired,  it  was  reviewed  and  screened  for  applicability  to 
study  objectives.  From  the  thousands  of  abstracts  acquired,  mainly  through 
the  Lockheed  DIALOG  system,  selected  backup  documents  were  obtained  for  addi¬ 
tional  detail  in  the  areas  pertaining  to  development  trends,  cost,  and  risk. 
Each  selected  piece  of  information  was  then  assigned  codes  (see  Section  3) 
identifying  it  with  applicable  S&RE  and  SMS  WBS  elements  along  with  the  tech¬ 
nology  involved.  For  each  piece  of  selected  information,  the  next  step  was 
the  preparation  of  reference  summaries  for  all  relevant  technologies.  These 
reference  summaries  list  the  technology  (e.g.,  fiber  optics),  title  of  article 
author (s),  date  of  article,  source,  and  applicable  WBS  codes.  An  example  of 
a  reference  summary  is  presented  in  Figure  5. 


2.2.4  Technical  Interpretation 

This  task  consisted  of  the  preparation  of  a  technology  brief,  based  on 
analyses  of  the  previously  mentioned  relevant  documents,  for  each  technology 
designated  as  applicable  to  S&RE  and  SMS.  The  briefs  are  not  intended  to 
provide  information  to  the  detail  required  by  designers,  but  rather  to 
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Title i  Inflight  Captive  Store  Loedi  Coopered  with  Wind-Tunnel  and  Titles  Technical  Bvaluation  Report  on  the  fluid  Dynaalca  Panel  Syn- 


Figure  5.  EXAMPLE  OF  REFERENCE  SUMMARY 


present  an  overview  of  the  state  of  the  art  in  that  area.  Sources  that  can 
provide  more  detailed  information  are  identified  at  the  end  of  each  brief. 

Information  is  presented  in  the  technology  briefs  under  the  following 
headings: 

.  Applications.  Identifies  potential  applications  of  the  technology  to 
the  S&RE  and  SMS  WBS  elements  shown  in  Figure  3. 

.  Advantages.  Lists  major  advantages  offered  by  the  technology. 

.  Disadvantages.  Enumerates  disadvantages  associated  with  the 
technology . 

.  Risk.  Provides  a  qualitative  assessment  of  the  technology  risks 
based  on  the  information  analyzed.  Risk  is  divided  into  three 
categories: 

Low  —  Demonstrated  operational  success  reported  for  related 
applications. 

Medium  —  Technology  is  in  developmental  phase  with  promising 
success  based  on  preliminary  testing  and  evaluation. 

High  —  Technology  is  in  the  early  laboratory  or  early  develop¬ 
mental  phase. 

.  Trends  and  State  of  the  Art.  Summarizes  trends  in  application  and 
development  of  the  technology. 

.  Cost  Direction.  Discusses  economic  advantages/disadvantages  and  cost 
trends. 

Where  appropriate,  supplementary  charts,  graphs,  and  tables  are  pre¬ 
sented  that  support  the  information  given  in  the  technology  brief.  Also 
included  are  the  associated  reference  summaries. 

The  technology  briefs  are  presented  in  Section  3. 
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Section  3 


RESULTS 


This  section  presents  the  technology  briefs  resulting  from  the  AAAS 
Technology  Overview  Project.  Briefs  applicable  to  S&RE  are  presented  in 
Section  3.1,  and  to  SMS  in  Section  3.2. 


3.1  SUSPENSION  AND  RELEASE  EQUIPMENT 

3.1.1  Technologies  Investigated 

The  technologies  investigated  for  S&RE  are  listed  below.  The  number 
preceding  each  technology  name  is  a  unique  code  assigned  in  this  study  to 
that  specific  technology. 


1. 

Aerodynamics 

9. 

Lasers 

2. 

Bacteria* 

10. 

Manufacturing 

3. 

Controls 

11. 

Materials 

4. 

Corrosion 

12. 

Packaging* 

5. 

Environment* 

13. 

Pyrotechnics 

6. 

Fluidics 

14. 

Reliability 

7. 

Pneumatics 

15. 

Structures* 

8. 

Hydraulics 

16. 

Safety 

It  is  to  be  noted  that  certain  briefs  describe  more  than  one  technology 
area,  and  other  briefs  overlap  technologies.  For  example.  Code  10  (Manufac¬ 
turing)  and  Code  11  (Materials)  are  combined  in  one  brief  since  the  pertinent 
technical  information  is  common  to  both  disciplines.  Further,  controls  are 
described  in  one  brief  specifically  devoted  to  that  topic,  and  as  part  of 
fluidics,  hydraulics,  and  pneumatics  technologies. 

Certain  of  the  above-listed  categories,  as  denoted  by  asterisks,  were 
not  made  the  subject  of  technology  briefs.  As  the  study  progressed, 
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modifications  to  the  originally  assigned  categories  became  indicated.  For 
example,  laser  technology  was  originally  assigned  Code  9  under  S&RE  because 
of  its  known  application  as  a  pyrotechnics  initiator.  However,  this  tech¬ 
nical  category  was  reassigned  to  SMS  under  the  fiber  optics  category  when  it 
became  evident  that  the  latter  technology  was  the  area  of  the  most  useful 
information. 

Two  other  technologies  considered  for  S&RE,  Bacteria  (Code  2)  and  Environ¬ 
ment  (Code  5)  were  amalgamated  with  Corrosion  (Code  4)  since  the  latter 
reflected  the  major  area  of  interest  to  NWC  for  the  AAAS. 

Packaging  and  Structures  were  incorporated  into  Materials  and  Manufactur¬ 
ing  since  insufficient  information  pertinent  to  S&RE  was  identifiable  for  the 
first  two  areas. 


3.1.2  Technology  Matrix 

Table  1  is  a  coded  matrix  that  relates  the  applicable  S&RE  technologies 
investigated,  the  associated  WBS  elements  (from  Figure  3),  and  number-coded 
sources  of  technology  information.  The  coded  sources  are  identified  follow¬ 
ing  each  brief. 

The  matrix  is  intended  to  permit  quick  reference  by  the  user  to  informa¬ 
tion  that  may  impact  or  influence  his  specific  WBS  areas  of  concern.  For 
example,  an  engineer  responsible  for  the  Primary  Station  (BB)  of  S&RE  may 
want  to  review  the  latest  information  on  new  materials  in  greater  detail  than 
provided  in  the  applicable  technology  brief.  Referring  to  the  matrix  of 
Table  1,  he  will  observe  under  the  heading  "Materials"  (Technology  Code  11)  a 
block  of  numbers  (1,  3,  5,  8-17,  19-25)  corresponding  to  WBS  element  BB. 

These  numbers  are  read  as  11.1,  11.3,  11.5,  11.8,  etc.,  and  designate  the 
reference  summaries  provided  with  the  technology  brief  on  Materials. 

Certain  sources  of  detailed  information  may  apply  to  more  than  one  tech¬ 
nology  or  WBS  element.  For  example,  reference  11.1  for  Materials  is  the  same 
as  reference  3.1  for  Controls. 

3.1.3  Technology  Briefs 

Technology  briefs  applicable  to  S&RE  follow.  They  are  presented  in  the 
order  listed  in  Section  3.1.1. 
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Table  1 

CODED  TEC1INOIXX3Y  MATRIX 
SUSPENSION  AND  RELEASE 
EQUIPMENT 


*See  page  3-1  for  explanation  of  blank  columns. 


Code  1 


AERODYNAMICS  TECHNOLOGY 


This  technology  brief  addresses  the  aspects  of  aerodynamics 
relating  to  flutter  suppression,  conformal  weapons  carriage,  and 
stores  separation. 

Potential  AAAS  Applications 

—  Wing/stores  flutter  suppression 

—  Conformal  carriages 

—  Stores  separation  (delivery  and  jettisoning) 

Advantages/Disadvantages 

•  Active  Wing/Stores  Flutter  Control  Systems 

Advantages 

—  Possible  weight  savings 

—  Versatility  to  accommodate  a  variety  of  stores 

—  Reduced  drag  with  attendant  fuel  saving 

—  Potentially  less  costly  in  terms  of  redesign 

—  Offer  potential  for  being  integrated  with  flight  control  systems, 
and  for  being  tied  to  special-purpose  computers  responding  in 
adaptive  manner  to  counteract  structural  response 

Disadvantages 

—  Complexity  is  a  reliability  concern 

—  Lack  of  accurate  knowledge  of  unsteady  aerodynamic  forces  produced 
by  the  control  surfaces,  particularly  in  the  transonic  speed  range 
where  theoretical  predictions  are  least  reliable  and  flutter 
concerns  are  usually  most  critical 

—  Much  development  effort  yet  to  be  accomplished 

.  Quasi-Active  Wing/Stores  Flutter  Control  Systems 

Advantages 

—  Combine  desirable  features  of  conventional  passive  methods  with  more 
advanced  active  control  methods 

—  Relatively  simple  system 

—  Associated  flutter  virtually  insensitive  to  inertia  and  center-of- 
gravity  location  of  store 

—  Simplifies  and  reduces  analysis  and  testing  required  to  flutter- 
clear  aircraft  that  must  carry  a  variety  of  stores 

—  Potential  for  reduced  drag  with  attendant  fuel  savings 

—  Possible  weight  savings 
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Disadvantages 

—  Demonstration  of  concept  limited  to  analyses  and  wind  tunnel  model 
studies 

.  Conformal  Weapons  Carriage 
Advantages 

—  Uniform  flow  field  in  proximity  of  fuselage  minimizes  weapon 
perturbations  associated  with  underwing  and  clustered  multiple 
carriage 

—  Reduced  radar  cross-section  resulting  in  improved  aircraft 
survivability 

—  Structural  rigidity 

—  Reduced  drag  with  significant  attendant  fuel  savings 

—  Permits  supersonic  carriage  of  stores,  compared  to  subsonic  carriage 
of  external  stores 

—  Offers  significant  potential  for  improvement  of  separation  and 
delivery  characteristics  for  unguided  weapons 

Disadvantages 

—  Access  to  and  selective  replacement  of  stores  difficult. 

—  Different  size  stores  require  different  attachment  arrangements 

—  Stores  with  different  size  fins  require  different  positions  for 
attachment. 

.  Stores  Separation 

Refer  to  "Trends  and  State  of  the  Art". 

Risk 

Risk  is  generally  considered  high  for  early  application  of  most  of  the  con¬ 
cepts  identified  above  due  to  unproven  operational  applications  and  addi¬ 
tional  investigations  required  to  validate  their  practicality.  The  conformal 
carriage  concept  appears  to  be  relatively  mature,  with  low-to-medium  risk. 

Trends  and  State  of  the  Art 

—  Flutter  Suppression.  Considerable  research  has  been  made  on  active  and 
quasi-active  aircraft  wing/store  flutter  suppression  systems.  An  example  of 
progress  on  each  is  discussed  below. 

.  Active  Systems  —  A  wind  tunnel  test  at  the  NASA  Langley  16-foot 
transonic  tunnel  on  a  scale  model  of  a  lightweight  fighter  was  completed 
in  mid-1978  for  three  stores  configurations  to  demonstrate  an  active 
system.  These  configurations  were: 

A.  TLR:  AIM-9E;  TP  (95%  span):  NI;  IP  (65%  span):  AIM-7  (3  in.  aft) 

B.  TLR:  Empty;  TP:  AIM-7  (3  in.  aft.);  IP:  NI 

C.  TLR:  Empty;  TP:  AIM-9E  (6  in.  aft.);  IP:  NI 

where  TLR  »  Tip  launcher  rail;  TP  *  Tip  pylon;  NI  *  Not  installed;  IP  * 
Inboard  pylon 
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Figure  1-1  illustrates  Configuration  A.  Figure  1-2  shows  analytical 
results  for  the  three  configurations.  Figures  1-3  through  1-5  illustrate 
damping  trends  with  and  without  the  Active  Flutter  Suppression  System 
(AFSS)  in  wind  tunnel  testing. 

.  Quasi-Active  Systems  -  Quasi-active  wing/store  flutter  systems  offer  an 
alternative  to  passive  systems  or  the  more  advanced  active  systems.  One 
such  concept,  called  the  decoupler  pylon,  is  illustrated  schematically  in 
Figure  1-6.  The  effectiveness  of  the  concept  was  recently  demonstrated  by 
analyses  and  wind-tunnel  tests  at  subsonic  speeds  at  the  NASA  Langley 
Transonic  Dynamics  Tunnel.  Basic  study  conclusions  were  as  follows: 

.  For  all  cases  studied,  the  flutter  speed  of  the  wing  with  the 

decoupler-pylon-mounted  store  was  higher  than  the  flutter  speed  of 
the  wing  without  a  store. 

.  The  decoupler  pylon  made  flutter  relatively  insensitive  to  inertia 
and  c.g.  location. 

.  Predicted  flutter  trends  generally  agreed  well  with  results  of  wind 
tunnel  model  experiments. 

.  Wing/store  decoupling  and  attendant  flutter  speed  increase  occurred 
when  uncoupled  store  pitch  frequency  was  less  than  approximately  0.7 
times  the  fundamental  bending  frequency  of  the  wing  with  the  store 
rigidly  attached. 

The  parameters  investigated  in  the  above  study  are  given  in  Table  1-1. 
Figures  1-7  through  1-13  show  the  influence  of  various  parameters  affect¬ 
ing  wing/store  flutter. 

—  Conformal  Weapons  Carriage.  The  conformal  carriage  concept  offers  attrac¬ 
tive  potential  for  improved  weapons  release  (particularly  for  unguided 
weapons),  reduced  carriage  drag,  and  increased  aircraft  performance/handling 
qualities  based  on  a  Navy/Air  Force  program  using  the  F-4  aircraft.  The 
program  included  wind-tunnel  and  flight-test  demonstrations  in  which  approxi¬ 
mately  200  various  weapons  were  safely  released  at  speeds  up  to  Mach  1.6. 

With  one  exception  —  high-speed  pitch  problems  with  aft-row  located  MK-82 
bombs  —  excellent  release  characteristics  in  general  were  reported.  The 
MK-82  aspect  was  indicated  to  be  a  minor  problem  that  can  be  corrected  by 
future  pallet  designs  and/or  proper  "tuning"  of  the  bomb  ejector  racks. 

—  Store  Separation 

.  Jettison.  The  aft  pivot  release  system  seems  to  offer  the  best  solu¬ 
tion  to  safely  jettisoning  aerodynamically  unstable  items  such  as  pylons, 
fuel  tanks,  and  MERs.  This  system  is  reported  to  be  used  for  the  B-58 
external  fuel  tank  and  all  pylons  of  the  F-15.  The  F-lll  pylons  and  fuel 
tank/pylons  employ  a  limited  version  of  the  system. 

.  Delivery.  Delivery  of  target  stores  such  as  unguided  bombs  and 
dispenser  munitions  requires  safe  aircraft  separation  and  relatively 
unperturbed  release  for  delivery  accuracy.  Promising  approaches  to 
improve  delivery  include  store  staggering,  dual  ejector  "tunable"  bomb 
racks,  self-compensating  bomb  ejector  racks,  vertical  store  separation 
techniques,  and  conformal  carriages.  Both  the  store  staggering  and 
conformal  carriage  approaches  offer  reduction  in  drag. 
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Cost  Direction 


No  specific  data  concerning  costs  was  observed  in  the  literature.  However, 
eventual  implementation  of  the  concepts  should  result  in  significant  life- 
cycle  cost  reductions  in  terms  of  aircraft  fuel  savings  due  to  reduced 
inherent  drag  in  some  of  the  concepts,  more  effective  delivery  of  weapons, 
etc. 


All  figures  courtesy  Journal  of  Aircraft  (©  1980,  AIAA) 


Courtesy  Journal  of  Aircraft  I©  1980,  AIAA) 


Source:  NT IS  O880-800345 l  PC  N01/MF  NOI 


Source:  NTIS  AD-B008  901L,  365  pages 


Source:  NAECON,  8  pages 
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CONTROLS  TECHNOLOGY 


Generalized  information  on  controls  is  presented  as  part  of  the 
technical  briefs  for  Fluidics  (Code  6),  Pneumatics  (Code  7),  and 
Hydraulics  (Code  8) .  This  brief  provides  more  specific  information 
on  regulators,  valves,  couplings,  and  sensors  for  advanced  armament 
systems. 

Application 

—  Stores  station  interfaces 

—  Stores  ejection  systems 

Advantages 

—  High  reliability  of  couplings  and  regulators  for  advanced  armament  sys¬ 
tems,  based  on  use  in  space  programs  and  supersonic  aircraft 

—  Digitally  controlled  valves  eliminate  the  need  for  D/A  signal  converters 

—  Servovalving  can  be  implemented  utilizing  microprocessor  technology 

—  Improved  high-pressure  capability  of  valves,  regulators,  and  couplings 
due  to  advances  in  material  technology 

—  High  accuracy  and  reliability  of  sensing  devices  compared  to  mechanical 
types 

Disadvantages 

—  High  cost  of  valves  and  couplers  due  to  the  customized  nature  of  design 
and  extensive  testing  for  space  programs 

—  Need  for  more  intensive  investigation  for  direct  applications  of  controls 
to  S&RE 

Risk 

The  risk  in  using  the  control  components  described  herein  for  advanced  air¬ 
craft  armament  systems  is  low,  premised  on  their  successful  application  in 
space  programs. 

Trends  and  State  of  the  Art 

—  Couplings.  The  state  of  the  art  of  fluid  couplings  has  advanced  rapidly 
as  a  result  of  space  and  supersonic  aircraft  programs.  Unique  fluid  transfer 
couplings  are  available  for  cryogenic,  pneumatic,  and  hydraulic  systems.  The 
couplings  feature  self-sealing  and  self-alignment,  automatic  latching,  and 
remote  activation.  Various  couplings  are  rated  at  burst  pressures  up  to 
13,500  psi,  and  are  capable  of  meeting  military  specification  requirements 
for  advanced  armament  systems.  Typical  characteristics  of  couplings  are 
given  in  Table  3-1. 

—  Regulators  and  Valves.  Pressure  regulators  (see  example,  Figure  3-1)  and 
other  valves  are  available  for  use  in  high  reliability  environments.  Some  of 
these  valves  incorporate  pressure  transducers  for  venting  and  quick  release 
operation. 
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New  designs  are  emerging  of  Mil-qualified  hydraulic,  pneumatic,  fuel,  and 
other  fluid  systems  that  employ  positive  self-sealing  techniques  to  prevent 
high-pressure  leakage. 

New  types  of  high-pressure  solenoid  valves  are  evolving.  A  major  driver  in 
this  area  has  been  high-pressure  nuclear  power  systems.  Valves  are  being 
fabricated  that  have  interiors  unaffected  by  corrosive  fluids,  can  withstand 
higher  pressures,  and  can  operate  at  faster  rates. 

A  new  family  of  digital  hydraulic  valves  is  emerging  (see  Figure  3-2) .  A 
significant  trend  in  this  area  is  the  change  from  air-gap  to  wet-armature 
solenoids,  providing  improved  reliability.  These  valves  incorporate  ele¬ 
ments  that  control  flow  in  either  the  forward  or  reverse  direction,  and  have 
been  successfully  developed  for  direct  use  with  microprocessor  control 
signals. 

Another  interesting  trend  is  the  emergence  of  improved  cartridge  valves  for 
hydraulic  systems.  These  valves  are  flexible  in  installation,  safe  to  oper¬ 
ate,  very  serviceable,  and  of  low  cost.  Cartridge  valves  (see  example, 

Figure  3-3)  are  available  for  such  functions  as  pressure  relief,  sequencing, 
regulating,  pressure  reduction,  and  checking. 

Improved  hydraulic  system  seals  are  being  marketed.  In  some  applications, 
filled  PTFE  piston-ring  seals  are  replacing  lip  seals  and  metallic  piston 
rings  to  provide  less  leakage  and  lower  friction  (see  Figure  3-4). 

—  Sensors  and  Transducers.  Capacitive  transducers  can  handle  measurements 
from  0.01  to  150,000  psi  and  provide  both  dynamic  and  static  readings  with 
good  frequency  response.  A  recent  development  is  a  transducer  that  compares 
the  voltage  across  a  sensing  capacitor  element  with  that  of  a  reference  capa¬ 
citor.  The  device  integrates  the  voltage  difference  to  produce  an  output 
linear  to  pressure  variations. 

Some  transducers  employ  integrated  circuitry  to  convert  analog  signals  to 
digital  form  without  the  need  for  separate  A/D  conversion. 

Wider  use  of  strain  gauges  is  being  made  in  aircraft  and  missile  systems. 
These  gauges  employ  thin-film  techniques  to  provide  stability  and  high  accu¬ 
racy.  Strain  gauges  can  operate  at  pressure  ranges  as  high  as  10,000  psi. 
Semiconductor  piezoresistive  strain  gauges  are  supplanting  wire  and  foil 
types,  and  can  serve  as  accelerometer  sensors. 

Transducers  housed  in  stainless  steel  for  application  in  co. Losive  environ¬ 
ments  operate  from  -65°  to  +525 °F.  One  of  these  types  uses  a  silicon  or  sap¬ 
phire  diaphragm  with  epitaxially  grown  piezoresistive  silicon  strain  gauges 
on  the  surface.  The  devices  are  isolated  internally  from  thermal  and  mechan¬ 
ical  stress. 

A  new  family  of  semiconductor  sensors  has  potential  use  in  advanced  armament 
systems.  These  sensors  operate  on  a  principle  based  on  the  linear  negative 
temperature  coefficient  of  the  base-to-eraitter  diode  voltage  of  a  silicon 
transistor.  Silicon  device  sensors  such  as  thermistors  have  highly  accurate 
temperature  coefficients  over  the  -55°C  to  +125°C  range. 

Optoelectronic  sensors  of  many  types  appear  suitable  for  potential  S&RE  sen¬ 
sing  applications.  These  optical  sensors  are  discretely  packaged  or  incor¬ 
porated  as  chips  on  substrates  with  processing  circuitry. 
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Cost 


No  specific  cost  directions  have  been  noted  for  the  coupling,  valve,  and 
regulating  components  described  in  this  brief.  However,  improved  reliability 
should  promote  reduced  life  cycle  costs  of  armament  systems  if  these  compo¬ 
nents  are  implemented.  The  cost  of  semiconductor  sensors  is  expected  to 
decrease  significantly  within  the  next  few  years,  to  the  point  where  they  are 
less  expensive  than  comparable  mechanical  devices. 
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Code  4 


CORROSION  TECHNOLOGY 


Primary  interest  in  corrosion  technology  lies  in  AAAS  structures 
and  electronic  connectors,  as  discussed  in  this  technology  brief. 

Potential  AAAS  Applications 

—  S&KE  structures  and  mechanical  elements 

—  Electrical  connections,  such  as  those  of  the  Stores  Station 
interfaces  (see  Code  30) 

Advantages  and  Disadvantages 

Corrosion-prevention  techniques  and  materials  for  advanced  armament  programs 
offer  obvious  benefits  of  reduced  cost  and  increased  system  availability. 
Disadvantages  of  the  materials  described  in  this  subsection  are  covered  under 
Codes  10,  11,  and  30  for  the  Manufacturing,  Materials,  and  Electrical  Tech¬ 
nology  disciplines,  respectively. 

Risk 

The  risk  associated  with  applying  the  various  corrosion  prevention  tech¬ 
nologies  described  herein  to  advanced  aircraft  armament  systems  is  considered 
low  to  medium.  Each  technology  area  offers  significant  promise,  and  if  prop¬ 
erly  evaluated  could  prove  beneficial  to  selective  areas  of  the  AAAS. 

Trends  and  State  of  the  Art 

The  following  corrosion  technologies  are  considered  of  interest  for  the  AAAS: 

—  Composites.  Composites  such  as  graphite/epoxy  and  Kevlar/epoxy  have  demon¬ 
strated  acceptable  levels  of  cnemical  and  stress  corrosion  resistance,  and 
suitable  strength  for  high-performance  military  aircraft  structures.  A  "bot¬ 
toms  up"  approach  to  designing  the  S&RE  mechanical  structures  might  consider 

a  composite  for  the  conformal  carriage  and/or  rack. 

—  Alloys .  New  lightweight  alloys  of  aluminum,  steel,  and  titanium  have 
improved  chemical-  and  stress-corrosion  properties  over  those  of  conventional 
alloys  used  for  aircraft  structures.  Advances  in  production  methods  such  as 
vacuum  processing,  casting,  and  molding  enhance  the  availability  of  aluminum 
and  titanium  alloys  for  large-area  structures  such  as  advanced  armament  sys¬ 
tems.  Aluminum-copper  and  aluminum-zinc  alloys  have  demonstrated  successful 
performance  in  supersonic  aircraft  of  NATO  countries. 

—  Coatings.  New  techniques  are  emerging  for  coating  metallic  and  non- 
metallic  materials  for  prevention  of  corrosion.  These  techniques  include 
vacuum  and  vapor  deposition  processes  for  plating  alloys  of  titanium  and  alumi¬ 
num  with  coatings  such  as  cadmium,  chromium,  and  titanium  nitride.  Ion  plat¬ 
ing  is  an  example  of  the  above  technology. 

Another  process,  electrodeposition  of  aluminum,  is  utilized  in  the  aircraft 
industry  for  protection  of  wings,  steel  and  titanium  fasteners,  and  composite 
materials. 
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A  new  epoxy  coating  for  protecting  naval  shipboard  antennas  utilizes  four 
separate  applications  consisting  of  three  primers  and  a  top  coating.  Total 
thickness  is  12  to  20  mils. 

Numerous  paint  systems  have  been  developed  by  the  aircraft  industry,  such  as 
polyurethane  topcoating  over  an  epoxy  primer,  that  provide  the  durability  and 
corrosion  resistance  needed  for  advanced  armament  systems. 

—  Adhesive  Bonding.  The  recent  use  of  adhesive  bonding  by  the  Air  Force  in 
the  PABST  program  has  resulted  in  the  elimination  of  sources  of  stress  and 
chemical  corrosion  (e.g.,  rivets  and  welded  joints).  Adhesive  bonding  has 
also  been  implemented  in  several  programs  for  NATO  aircraft,  with  a  good  his¬ 
tory  of  success,  and  might  be  suitable  for  AAAS  structures  such  as  conformal 
carriages. 

—  Corrosion-Resistant  Connectors.  New  connector  types  are  highly  resistant 
to  corrosion.  The  devices  are  moisture  sealed  in  the  following  manner:  when 
the  connector  is  exposed  to  pressure  extremes,  its  mating  surfaces  are  forced 
together  and  the  sealing  effectiveness  is  increased.  These  devices  can  func¬ 
tion  at  pressures  up  to  250  psi.  This  technique,  along  with  the  use  of  con¬ 
tact  plating  materials  of  higher  purity,  improved  surface-preparation  methods 
prior  to  plating,  and  other  improvements  including  chromate  and  cadmium  plat¬ 
ing  and  aluminum  alloys  for  shells,  are  major  trends  in  connector 
manufacturing. 

Cost 

Relevant  cost  information  for  composites  and  alloys  appears  in  the  technology 
briefs  for  Codes  10  and  11.  For  all  trends  discussed  herein,  decreased 
corrosion  for  advanced  aircraft  armament  systems  should  result  in  attendant 
reductions  in  life  cycle  costs.  Both  material  and  maintenance  labor 
requirements  will  be  reduced. 
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FLUIDICS  TECHNOLOGY 


Recent  advances  in  fluidics  technology  are  described  in  this 
technology  brief. 

Potential  AAA S  Applications 

—  Sensing  and  control  for  stores  ejection/release 

—  Power  source  control 

—  Release  control  for  dispenser  stores 

—  Sensing  and  actuation  for  safe/arm 

Advantages 
Fluid  systems: 

—  Utilize  simple  devices  that  have  no  or  few  moving  parts 

—  Are  inherently  explosion-proof 

—  Will  operate  in  severe  environments  (temperature,  vibration,  radiation, 
and  hazardous) 

—  Require  less  maintenance  and  have  higher  reliability  than  conventional 
hydraulic  or  pneumatic  systems 

—  Are  digital  and  analog  compatible 

Disadvantages 
Fluidic  systems: 

—  Are  subject  to  contamination 

—  Have  short  control  distances 

—  Are  characterized  by  slow  response  time  and  high  cost,  compared  to  ICs 
Risk 

The  risk  of  applying  fluidics  technology  in  the  AAAS  program  is  considered 
low  because  there  have  been  a  number  of  successful  aerospace  applications  of 
fluidic  devices  since  their  introduction  about  20  years  ago.  For  example, 
fluidics  are  utilized  for  the  thrust  reverser  actuator  controls  of  the 
McDonnell-Douglas  DC-10  and  the  European  A300B  Airbus;  the  thrust  reverser 
and  secondary  nozzle  actuator  controls  of  the  Concorde  SST;  the  ram-air  cool¬ 
ing  pressure  regulator  of  the  Lockheed  S-3A;  and  the  surge  control  valve  of 
the  auxiliary  power  unit  of  the  B-l  bomber. 

Trends  and  State  of  the  Art 

Fluidic  systems  are  being  used  or  considered  for  aerospace  applications 
involving  the  control  of  speed,  temperature,  pressure,  angular  rate  sensing, 
and  amplification.  Some  application  examples  are  given  below. 


—  Ejection  Seats.  Fluidic  systems  are  being  investigated  for  sequencing  and 
two-axis  control  of  ejection  seats.  Timing  for  chute  deployment  depends  on 
altitude  and  speed.  Sequencing  is  accomplished  with  a  fluidic  oscillator  and 
counter  circuits.  Chute  deployment  squibs  are  initiated  with  the  output  of 
the  fluidic  counter  by  directing  a  jet  of  gas  on  a  resonant  tube.  Pitch  and 
yaw  control  of  the  seat  is  attained  with  vortex  rate  sensors  and  amplifiers 
to  provide  the  signals  for  thrust  vector  control  of  a  ball-and-girabal  nozzle. 

—  Engine  Controls.  Fuel  controls  with  fluidic  speed,  temperature,  and 
pressure-sensing  circuits  have  been  developed  for  gas-turbine  engines.  The 
circuit  output  is  interfaced  with  the  fuel  shutoff  valve  for  control  of  start¬ 
up,  steady  state,  and  transient  load  operations.  A  fluidic  speed-sensing 
fuel  shutoff  system  for  free-turbine  overspeed  protection  has  operated  in  a 
430°C  environment.  A  low-pressure  fuel  flow  distributor  for  jet  engine  com¬ 
bustors  is  designed  to  give  a  logarithmic  pressure-flow  relation  by  using 
vortex  valves. 

—  Aircraft  Environmental  Control  System.  Feasibility  has  been  demonstrated 
for  fluidically  controlled  environmental  systems  for  high-performance  aircraft. 
The  air  conditioning  system  for  the  F-4  aircraft  was  used  as  the  model  for 
that  design.  The  system  provides  temperature  control  in  the  cabin  as  well  as 
protective  functions,  such  as  compressor  inlet  temperature  control,  turbine 
over speed  control,  and  water  separator  anti-ice  control. 

—  Compressor  Surge.  In  an  investigation  of  compressor -blade  surge  sensing, 
taps  were  utilized  on  a  stator  blade  and  on  a  pitot  tube  between  the  rotor 
and  stator  blades.  From  tests  on  a  particular  compressor,  the  pressure-flow 
characteristics  of  the  probes  at  the  onset  of  surge  can  be  used  to  switch  a 
passive  fluidic  device. 

—  Brake  Control.  Fluidic  implementation  of  the  existing  electronic  anti¬ 
skid  system  for  the  Boeing  737  was  found  to  be  feasible.  In  that  system,  the 
wheel  speed  is  differentiated  and  compared  to  a  pilot-selected  brake-pressure 
level.  Full  brake  pressure  is  available  until  the  selected  level  is  reached. 

—  Flight  Control  Systems  and  Sensors.  In  the  area  of  flight  control  sys¬ 
tems,  RfiD  programs  have  been  funded  for  fly-by-tube  as  a  backup  to,  and  dis¬ 
similar  redundant  systems,  for  electronic  fly-by-wire;  low  cost  inertial  grade 
gyros,  an  approach  power  compensator  for  carrier-based  aircraft,  and  missile 
seeker  torquing. 

—  General  Aviation.  Feasibility  studies  on  low-cost  and  low-maintenance 
autopilots  and  stall  warning  devices  for  general  aviation  light  aircraft  are 
being  conducted.  The  studies  are  aimed  at  providing  increased  capabilities 
for  the  relatively  inexperienced  pilot  without  significantly  affecting  his 
workload,  particularly  under  adverse  weather  conditions. 

Cost  Direction 

Fluidic  systems  are  usually  competitive  in  cost  and  performance  with  more 
conventional  systems,  but  the  higher  reliability  and  resulting  lower  mainte¬ 
nance  are  major  considerations  in  the  total  life-cycle  cost  of  the 
applications. 
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PNEUMATICS  TECHNOLOGY 


Pneumatic  drive  devices  and  control  components,  such  as  actuators, 
power  valves,  sensors,  and  control  units  for  mechanization  and 
automation,  are  described  in  this  technology  brief. 

Potential  AAAS  Applications 

Equipment  of  the  Primary  Station,  Missile  Launcher,  Special  Station,  Multiple 
Store  Adapter,  and  Integration  Equipment  for  the  following  specific  uses: 

—  Sensing  and  control  for  stores  ejection/release 

—  Power  source  control 

—  Release  control  for  dispenser  stores 

—  Sensing  and  actuation  for  safe/arm 

Advantages 

—  System  components  are  relatively  simple  in  design,  installation,  and 
servicing 

—  Components  operate  over  a  low-pressure  air  supply  range 

—  Operating  continents  are  virtually  impervious  to  environmental  influences 
such  as  vibration,  temperature  changes,  grit,  dirt,  and  liquids 

—  Components  do  not  present  a  threat  to  their  surroundings. 

Disadvantages 

—  Composite  pneumatic  control  circuits  built  up  using  valves,  sensors, 
cylinders,  etc.,  tend  to  be  rather  bulky  due  to  the  physical  size  of  the 
individual  components. 

—  The  absence  of  feedback  in  control  units  could  create  operational  problems 
when  they  are  used  singly. 

Risk 

Premised  on  numerous  successful  applications  of  pneumatics,  including  one  by 
NWC  for  S&RE,  the  risk  of  applying  this  technology  to  advanced  armament  sys¬ 
tems  is  considered  medium.  Fully  pneumatic  power  sources  will  necessitate 
considerable  investigative  efforts  to  obtain  the  desired  characteristics, 
such  as  small  size  and  other  critical  features,  for  the  AAAS.  The  likelihood 
of  achieving  these  advances  in  time  for  ADM  implementation  is  considered  low. 

Following  are  two  typical  factors  affecting  the  risk  of  applying  pneumatics 
to  advanced  armament  systems. 

—  With  respect  to  operational  speed,  modern  pneumatic  control  units  are  fully 
comparable  with  the  electrical  relay  type.  Pneumatic  signals  are  transmitted 
at  a  lower  rate  than  electrical  signals,  but  do  not  experience  the  delays 
caused  by  solenoid-valve  conversion  of  electric  signals  into  air  signals. 


—  Pneumatic  system  technology  has  still  not  achieved  widespread  recognition 
as  a  subject  for  engineering  education  courses.  On  the  other  hand,  component 
manufacturers  have  organized  courses  for  designers,  fitters,  and  users,  and 
widespread  use  of  pneumatics  in  automated  manufacturing  processes  is  common 
worldwide. 

Trends  and  State  of  the  Art 

Pneumatic  technology  is  characterized  by  a  wide  assortment  of  components 
representing  an  ever-expanding  building  kit.  This  variety  of  components  is 
divided  into  two  separate  but  interrelated  design  application  areas,  the 
"power  units"  for  providing  the  movement  function  and  the  "thinking  units" 
for  effecting  the  control  sequences.  Power  units,  better  known  as  actuators, 
are  available  in  many  forms  and  sizes,  and  an  even  greater  product  variation 
exists  for  the  thinking  units.  The  latter  units  are  built  up  using  valves  in 
their  many  operating  modes  and  configurations,  which  include  lever -ope rated 
and  pushbutton  devices  and  the  more  recently  developed  modular-moving-part 
logic  control  devices. 

In  recent  years,  pneumatic  cylinder  developments  have  been  guided  by  the 
desire  to  standardize  cylinder  diameters,  piston  rod  diameters,  and  piston 
rod  thread  size.  Also,  new  materials  and  processing  methods  have  reduced 
moving-part  friction  and  therefore  lubrication  requirements. 

The  varied  forms  of  modern  control  valves,  such  as  power  valves,  sensors, 
control  units,  and  moving-part  logic  devices,  together  with  the  hundreds  of 
options  and  accessories  available  to  combine  these  basic  valves,  will  provide 
enhanced  dynamic  control  capabilities. 

Cost 

In  applications  where  the  required  output  is  of  sufficient  quantity,  it  is 
usually  cost-effective  to  utilize  automated  process  control  systems.  The 
relatively  low  cost  per  function  of  pneumatic  components  encourages  their  use 
in  economically  sound  designs.  It  is  reported  that  pneumatic  controls  still 
command  nearly  50  percent  of  the  dollar  volume  of  all  process  control  systems 
delivered  on  a  worldwide  basis. 
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Code  8 


HYDRAULICS  TECHNOLOGY 


Hydraulic  systems  and  their  components  are  discussed  in  this 
technology  brief. 

Potential  AAAS  Application 

—  Power  source  for  S&RE 

Advantages 

—  Components  are  of  rugged  construction 

—  Excellent  for  high-torque,  low-speed  applications 

—  Can  be  used  in  harsh  environments,  such  as  vibration  and  corrosion;  and  in 
unclean  environments 

—  Digital  or  analog  compatible 

—  Eliminates  the  need  for  troublesome  pyrotechnics 

—  Equipment  available  for  reliable  operation  to  8,000  psi. 

Disadvantages 

—  System  leakage 

—  Slower  control  response  than  electronic 

—  Higher  cost  than  electronic 

—  Certain  hydraulic  fluids  are  flammable 

Risk 

Operation  at  higher  pressures  has  become  feasible  through  continual  advances 
in  technology  since  the  1940s.  Further,  hydraulic  power  sources  have  been 
successfully  demonstrated  for  advanced  armament  systems.  The  risk  of 
applying  new-technology  hydraulics  to  the  AAAS  Program  is  thus  considered 
low- to-medium . 

Trends  and  State  of  the  Art 

Hydraulic  power  sources  have  been  developed  for  use  as  stores  ejector 
systems.  A  recent  development  for  advanced  aircraft  armament  systems  employs 
a  hydraulic  pump  connected  to  an  accumulator  and  a  control  valve  downstream 
from  the  accumulator.  The  valve  and  accumulator  outputs  connect  to  two 
cylinders  (ejector  pistons) .  The  pump  pressurizes  the  accumulator  and  fills 
it  with  fluid  for  activating  the  cylinders  that  push  away  the  stores. 

Other  hydraulic  launching  systems  employ  a  hot  gas  from  a  pyrotechnic  source, 
or  cold  pressurized  gas  to  activate  hydraulic  ejectors  (see  Figure  8-1). 

These  types  of  hydraulic  system  otherwise  have  a  similar  principle. 

Electrical  control  units  have  been  developed  for  controlling  the  switching, 
sensing,  safety  interlock,  BIT,  and  other  functions  of  hydraulic  systems  (see 
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Figure  8-2) .  Other  technology  trends  in  hydraulic  systems  include  the 
following: 

—  Filtration  Techniques.  Improved  filtration  is  accompanying  the  move 
toward  higher  pressures.  Actuators  and  control  elements  designed  for  high- 
pressure  operation  have  smaller  clearances  between  moving  parts  than  the  more 
traditional  elements.  Thus  the  hydraulic  fluid  designed  to  pass  through  the 
gaps  between  parts  must  be  more  carefully  filtered.  Major  trends  in  this 
area  include  the  growing  acceptance  of  matching  filtration  methods  to  criti¬ 
cal  system  components  through  a  filtration-compatibility  rating  for  those 
components.  Within  a  few  years,  users  should  be  able  to  choose  filters  and 
establish  maintenance  schedules  by  referring  to  a  compatibility  schedule  for 
each  type  of  component  in  the  system,  especially  hydraulic  motors  and  pumps. 

Improvements  are  being  made  in  hydraulic  fluids  and  lubricating  materials 
that  provide  safety  against  fire  and  cause  less  corrosion  problems  from 
spills  or  leakage.  These  fluids  consist  of  oil-water  emulsion  and  water- 
glycol  solutions,  and  chemical  compositions  developed  under  DoD  guidance  such 
as  the  synthetic  hydrocarbons,  silicate  esters,  and  fluorocarbons. 

—  Components.  The  trend  toward  hydraulic  flight  control  systems  has 
encouraged  new  developments  in  components  that  can  operate  at  pressures  up  to 
8,000  psi.  These  components  include: 

.  Hydraulic  pumps  of  piston,  axial,  and  vane  designs  that  deliver  higher 
pressures  than  previously  available.  Piston  pumps  used  in  aircraft 
hydraulic  systems  are  typically  bent-axis  types,  built  with  jewel-like 
precision  to  deliver  extremely  high  flows  at  rotating  speeds  up  to 
25,000  rpm. 

One  type  of  axial  piston  pump  used  for  aircraft  hydraulic  operations 
has  a  rating  of  7,800  rpm  at  8,000  psi.  This  pump  uses  a  5-micron 
fluid  filter  and  provides  constant  pressure  and  variable  delivery.  A 
design  feature  that  contributes  to  this  high  performance  level  is  the 
isolation  of  rolling-element  bearings  from  the  pumped  fluid,  thereby 
eliminating  failures  due  to  anti-friction  bearings.  Improved  packaging 
of  axial-piston  pumps  has  also  led  to  improved  flow-to-weight  and  power- 
to-weight  ratios. 


A  key  design  in  pumps  is  the  use  of  pressure-balanced,  flexible  side- 
plates  that  accommodate  momentary  peak  loads  and  thermal  expansion  on 
startup.  The  plates  are  hydrostatically  balanced  by  pressurized  fluid 
to  maintain  optimum  rotor  clearance  under  changing  pressure  conditions 
(see  Figure  8-3) . 

An  advanced  type  of  hydraulic  high-force  motor  employs  rare-earth 
samarium-cobalt  magnets  to  drive  control  valves  that  actuate  aircraft 
hydraulics.  This  type  of  motor,  with  multiple  coils,  provides  for 
direct  interface  with  electronic  driving  circuitry  and  eliminates  the 
redundant  secondary  servoactuators.  The  magnetic  properties  of 
samarium-cobalt  materials  provide  for  a  significantly  higher  energy 
product  than  other  magnet  materials  can  produce  (see  Figure  8-4)  . 

.  Pump  controls  that  match  pump  output  more  closely  to  load  demand  and 
reduce  the  power  lost  to  heat  by  as  much  as  60  percent. 


.  Valves  adaptable  to  computer  control  via  digital-to-analog  converters. 
Valves  that  can  function  without  converters  are  under  development. 

.  An  electrohydraulic  proportioned  control  valve  that  can  control  direc¬ 
tion,  velocity,  acceleration,  and  deceleration  of  a  linear  or  rotary 
hydraulic  actuator  with  low-power  electrical  signals.  Primary  constitu¬ 
ents  of  this  valve  are  a  flow  sensor,  main  stage,  and  pilot  module. 

.  Cylinders  with  better  cushions,  seals,  and  bearing  arrangements  for 
longer  life. 

.  Threaded  flare  fittings,  O-ring  fittings,  and  brazed  fittings  specially 
designed  for  operation  at  high  pressures.  These  fittings  are  crimped, 
swaged,  or  screwed  together. 

.  Hydraulic  hoses  and  tubing  reinforced  with  materials  such  as  wirebraid 
or  synthetic  fiber  for  use  at  high  pressures. 

.  Quick-disconnect  couplings  of  various  designs  (single  poppet,  double 
poppet,  sliding  seal,  staples,  or  double  rotating  balls)  for  use  with 
hydraulic  tubing.  These  couplings,  usually  in  two  halves,  contain  leak- 
proof  shutoff  valves  that  close  automatically  when  the  coupling  is 
separated. 

Further  information  on  hydraulic  components  is  presented  in  the  technology 
brief  on  Controls  (Code  3) . 

Cost  Directions 

Technology  advances  in  hydraulic  components,  resulting  in  part  from  increases 
in  operating  pressure,  have  increased  the  cost  of  components  capable  of  oper¬ 
ating  in  the  4,000  to  8,000  psi  range.  However,  the  cost  increases  should  be 
traded  off  against  the  component  weight  reductions  realized  through  the  use 
of  reduced  fluid  volume,  smaller  lines  and  fittings,  and  physically  smaller 
components.  Also,  savings  would  accrue  from  elimination  of  high  costs  of 
maintenance  for  cleaning  and  repair  of  pyrotechnic  power  sources.  Because  of 
these  benefits,  lower  life-cycle  costs  could  result  for  advanced  armament 
systems  employing  full  hydraulic  systems. 
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Figure  8-4.  HIGH  PRESSURE  VANE  PUMP  SHOWING 
FLEXIBLE  SIDE  PLATES 


Source:  Lubrication  Engineer ing,  Vol.  36,  No.  3,  March  1,  1980, 

pages  160-167 
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Codes  10  and  11 


MATERIALS  AND  MANUFACTURING  TECHNOLOGIES 


This  technology  brief  describes  materials,  such  as  composites  and 
alloys,  and  manufacturing  technologies  of  particular  interest  to 
the  AAAS  Program. 

Potential  AAAS  Applications 

—  Conformal  carriages 

—  Aircraft  hardpoints 

—  Modular  unit  suspension  equipment  (MUSE) 

—  Multiple  stores  adapters 

Advantages 

—  Composite  materials  are  of  lower  mass  density  than  pure  metals  or  alloys, 
and  their  use  where  possible  in  aircraft  structures  could  lead  to  substan¬ 
tial  weight  reductions,  with  attendant  fuel  savings  and  aerodynamic  bene¬ 
fits  (see  Figure  10-1) . 

—  Reduced  levels  of  stress,  fatigue,  and  chemical  corrosion  are  evidenced 
when  composites  and  new  alloys  are  used.  Further,  the  composites  and  new 
alloys  exhibit  higher  strength  and  modulus  (Figure  10-2) ,  lower  density, 
and  improved  fracture  and  fatigue  resistance. 

—  A  reduced  radar  cross-section  is  associated  with  the  lower  density  of  the 
composites  and  new  alloys. 

—  Advanced  manufacturing  processes  such  as  laser  welding  and  superplastic 
forming/diffusion  bonding  DSPF/DB  can  be  utilized  to  yield  less  wasted 
material,  decreased  use  of  energy,  and  reduced  labor  requirements. 

Disadvantages 

—  Composite  structures  are  subject  to  absorption  of  moisture  and  consequent 
reduction  in  compression  strength.  For  several  military  aircraft  applica¬ 
tions,  however,  this  condition  has  not  been  considered  a  problem. 

—  The  initial  investment  in  manufacturing  technology  is  expensive,  and  can 
result  in  higher  costs  than  anticipated  for  prototypes.  However,  projec¬ 
tions  indicate  that  the  cost  of  composite  structures  will  decrease  as 
manufacturing  experience  grows. 

—  Some  problems  persist,  such  as  nonrepeatability  of  bonding  due  to  improper 
cure,  and  are  being  addressed  by  industry  and  DoD.  Methods  for  non¬ 
destructive  testing  of  composites  need  to  be  refined. 

—  Potential  problems  related  to  lightning  effects,  flammability,  and  safety 
are  yet  to  be  resolved  for  composites. 

Risk 

The  risk  in  using  the  state-of-the-art  composite  and  alloy  materials  for 

advanced  armament  structures  is  considered  medium  by  virtue  of  demonstrated 

success  in  F-14,  F-16,  F-18,  and  SR-71  applications.  Two  successful  NATO 

applications  of  composites  are  reported  for  S&RE. 
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Trends  and  State  of  the  Art 

-  Composites.  The  trend  is  toward  greater  use  of  composites  in  military 
aircraft  structures.  The  major  composites  used  are  a  matrix-like  resin  such 
as  epoxy  or  a  polyimide  reinforced  with  carbon  (graphite) ,  boron,  and/or 
Kevlar  fibers.  Polyimide  structures  promise  better  repeatability  in  manufac¬ 
turing  than  epoxies.  Kevlar  composites,  while  not  quite  strong  enough  for 
primary  structures,  are  receiving  significant  attention  as  a  substitute  for 
glass  fibers  in  the  fabrication  of  secondary  structures. 

New  composites  are  being  developed  that  contain  alumina  or  silica  instead  of, 
or  in  combination  with,  graphite  and  Kevlar. 

Automated  manufacturing  for  composites  is  expanding  in  the  areas  of  robotics, 
programmed  automatic  cutters,  programmed  handling,  automatic  dispensing,  and 
automated  laminating.  Automatic  video  inspection  and  automated  clean  rooms 
are  becoming  standard  industry  practices. 

—  Alloys.  In  the  manufacturing  of  aircraft  structural  elements,  the  trend 
is  toward  using  aluminum  alloys  containing  lithium  and  magnesium.  The  alloys 
(e.g.,  2224,  2324  and  7150)  are  of  lower  density  and  have  greater  stiffness 
and  strength.  Manufacturing  methods  such  as  hot  isostatic  pressing  and 
isothermal  rolling  associated  with  powder  metallurgy  provide  improved 
microstructures.  The  rapid  solidification  rate  (RSR)  aluminum  alloys 
containing  iron,  molybdenum,  and  chromium  are  gaining  considerable  interest 
for  aircraft  structures. 

New  titanium  alloys  consisting  of  special  combinations  of  metals  such  as 
chromium,  aluminum,  tin,  iron,  and  vanadium  have  emerged  as  promising 
materials  for  aircraft  structures.  One  alloy,  CORONA-5,  offers  high 
strength,  low  density,  and  improved  corrosion  resistance.  Manufacturing 
processes  for  fabricating  structures  of  these  alloys  include  cold  rolling  and 
forming,  age  hardening,  and  superplastic  forming  with  diffusion  bonding. 

(See  Figure  10-3  for  comparison  of  SPF/DF  vs.  conventional.)  Electron-beam 
welded  forgings  of  titanium  alloys  are  becoming  prevalent  in  aircraft 
applications. 

High-strength  steels  such  as  the  AF1410  (containing  cobalt,  and  nickel) ,  used 
in  the  AFAL  LOCOSST  program  yield  weight  and  cost  saving  advantages  relative 
to  other  alloys  and  metal  (see  Figure  10-4).  In  particular,  the  strength  and 
toughness  of  steels  containing  such  elements  as  vanadium,  silicon, 
molybdenum,  and  carbon  make  them  desirable  for  use  as  fittings,  pins,  and 
fasteners  in  future  aircraft. 

Some  physical  characteristics  of  the  above  alloys  and  composites  are  shown  in 
Tables  10.1  through  10.3. 

.  Bonding  Techniques.  The  success  of  the  Air  Force  in  the  PABST  program  and 
commercial  acceptance  of  adhesive  bonding  represents  a  significant 
advancement  in  material  technology.  Weld  and  diffusion  bonding  also  show 
promise  as  rivetless  bonding  approaches. 

Cost 

A  major  cost  reduction  realized  by  DoD  and  industry,  through  the  use  of  the 
materials  and  processes  described  above,  results  from  reduced  weight  and  the 
attendant  decrease  in  fuel  requirements.  Other  cost  reductions  noted  in  the 
literature  relate  to  less  waste  and  less  human  involvement  in  manufacturing; 
and  ultimately,  from  using  readily  available  materials  such  as  carbon  rather 
than  dwindling  resources  such  as  titanium.  Typical  cost  savings  from  using 
composites  and  new  alloys  can  be  observed  in  Figures  10-1  and  10-3  and 
Table  10-3. 
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PYROTECHNICS  TECHNOLOGY 


This  technology  brief  presents  information  relative  to  the  state- 
of-the-art  technology  for  solid-propellant  actuated  cartridges  and 
propellant  materials,  and  their  application  to  advanced  armament 
systems. 

Potential  AAAS  Application 

—  Power  source  for  SSRE  ejectors 

Advantages 

For  newer  applications: 

—  Cleaner  systems,  lower  maintenance,  longer  system  life 

—  Improved  safety  for  projected  EMR/EMP  environments 

—  Simplified  design,  increased  flexibility,  and  increased  reliability 

—  Reduced  life  cycle  cost 

Disadvantages 

—  Limited  operational  experience 

—  Need  for  advanced  development  and  more  extensive  reliability  testing  of 
concepts  and  prototypes. 

Risk 

Electrically  initiated  power  cartridges  have  been  used  extensively  for  bomb 
rack  and  missile  launcher  ejectors  and  other  stores  dispensing  applications 
(countermeasure  rounds,  sonobouys,  etc.).  Except  for  the  aspect  of  laser 
initiated  cartridges  and  advanced  miniaturized  inductive  coupling, 
technologies  described  in  this  brief  represent  innovative  concepts  of  low-to- 
medium  development  risk  in  providing  advanced  ejector  power  source 
capabilities. 

Trends  and  State  of  the  Art 

Efforts  are  continuing  in  industry  to  develop  propellants  that  can  operate 
reliably  at  high  altitudes  and  low  temperature  and  produce  clean  products  of 
combustion.  One  material,  designated  as  IS-29  and  developed  by  Special 
Devices,  Inc.,  has  a  flame  temperature  of  1285°  Kelvin  and  produces  a  high- 
pressure  gas  yield  of  4.3  moles  per  100  grams  of  propellant.  The  material  is 
very  stable  from  -65°  to  +165°C,  with  no  problems  of  aging,  decomposition,  or 
structural  changes.  High  humidity  does  not  affect  the  propellant  character¬ 
istics.  IS-29  has  a  highly  uniform  burn  rate  at  temperature  and  pressure 
extremes,  and  contains  no  corrosive  gases  such  as  HCL  that  would  affect  sur¬ 
rounding  armament  structures. 
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—  Cartridge  Output  Cleanliness/Self-Contained  Cartridge.  Several  approaches 
are  being  pursued  to  provide  cleaner  cartridge  output  toward  a  significant 
reduction  in,  or  the  elimination  of,  ejector  cleaning.  These  consist  of  the 
following : 

1)  The  development  by  the  Navy  of  a  new  series  of  stores  ejection  cartridges, 
designated  as  CCU-43/B,  CCU-44/B,  and  CCU-45/B.  These  cartridges  are  con¬ 
siderably  cleaner  than  the  Navy  Mk  series  cartridges  (Mk  2,  Mk  124/125, 
etc.)  that  they  replace.  For  the  CCU-type  cartridges,  cleaning  intervals 
have  been  extended  to  50  firings  in  several  ejectors.  These  cartridges 
have  been  qualified,  released  to  service,  and  placed  into  production. 

2)  The  development  of  a  filter  that  can  be  inserted  into  the  breech  system, 
ahead  of  the  cartridge,  to  significantly  reduce  particulate  matter  in  the 
downstream  ejector  components.  NATO  armament  systems  currently  employ 
such  filters.  A  U.S.  source  has  also  been  developed  for  such  a  filter. 

3)  Ejector-system  vent  designs  that  provide  rapid  external  venting  of  car¬ 
tridge  exhaust  at  the  end  of  stroke,  purging  the  system  of  particulate 
matter.  Such  a  design  utilizing  a  cartridge  in  a  piston-actuated 
hydraulic  ejector  system  has  been  demonstrated  to  provide  more  than  500 
firings  without  cleaning. 

4)  A  completely  self-contained  telescoping  cartridge  for  use  in  a 
mechanically  linked/hydraulic  ejector.  In  this  design  approach,  the 
cartridge  case  is  sealed  and  remains  sealed  after  firings,  telescoping 
during  firing  and  transmitting  a  tailored  force-time  profile  to  a  moving 
piston.  Since  the  cartridge  remains  completely  sealed,  no  gas  products 
enter  the  ejector  system  and  internal  cleaning  is  therefore  completely 
eliminated.  The  Naval  Ordnance  Station,  Indian  Head,  has  conducted 
exploratory  development  of  this  concept,  demonstrating  functional 
capability  of  attaining  a  24  ft/sec  velocity  with  a  500-lb  store  in  a 
mechanically  linked/hydraulic  ejector  prototype.  A  condensible  propellant 
is  being  developed  to  result  in  low  (50  psi)  residual  pressure  upon 
cooldown.  Exploratory  development  with  the  condensible  propellant  is 
expected  to  be  completed  by  October  1981. 

—  Electric  Initiator  Safety,  Reliability  and  Cost  for  Increasingly  Severe 
Electromagnetic  Radiation/Electromagnetic  Pulse  and  Electrostatic 
Environments.  Current  approaches  utilize  a  1-amp,  1-watt  no-fire  cartridge 
(CCU-series)  in  conjunction  with  proper  firing-circuit  shielding/connectors 
(and  where  necessary,  firing  circuit  filters)  to  prevent  induced  current  and 
provide  the  necessary  degree  of  EMR  protection.  The  following  additional 
technology  areas  have  been/are  being  pursued: 

1)  Planar  Bridge  Element  —  This  design  provides  a  low-cost  means  of 
protecting  the  bridge  circuit  from  extraneous  electrical  charges.  Multi¬ 
pin  configurations  (versus  the  standard  center  electrode/case  ground 
configuration)  of  the  Mk  17  type  have  been  developed.  A  test  program  has 
been  conducted  at  the  Naval  Ordnance  Station,  Indian  Head,  which  has 
demonstrated  design  feasibility. 

2)  Inductively-Coupled  Initiator  -  This  design  approach  eliminates  direct 
electrical  contact  between  the  firing  circuit  and  the  cartridge  bridge 
circuit.  Instead,  the  firing  circuit  contains  a  firing  head  with  a  driver 
circuit  that  would  provide  a  magnetic  coupling  with  a  receiver  in  a 
completely  shielded  cartridge.  This  approach  eliminates  the  need  for 
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bulky,  expensive  filters  and  other  firing  circuit  features  that  would  be 
required  in  the  more  severe  EMR/EMP  environments.  The  ARBOC  counter¬ 
measure  rocket  launcher  contains  an  inductively-coupled  firing  circuit 
demonstrated  to  be  suitable  in  the  shipboard  environment.  To  be  con¬ 
sidered  for  S&RE  ejector  applications,  however,  these  components  must  be 
substantially  reduced  in  size.  An  exploratory  research  and  development 
program  has  been  conducted  by  the  Navy  in  which  a  miniaturized  con¬ 
figuration  suitable  for  use  in  S&RE  ejectors  has  been  developed.  Initial 
testing  has  indicated  suitability  for  initiation  of  low-power  squib 
configurations.  Development  is  continuing  over  the  next  2  years  to  obtain 
a  configuration  that  will  meet  all  service  environments  and  demonstrate 
protection  in  the  EMR/EMP  environments. 

3)  Laser /Fiber  Optic  Initiated  Cartridge  —  This  approach  would  completely 
eliminate  any  electrical/electromagnetic  interface  with  the  cartridge. 
Basic  feasibility  of  initiating  cartridges  directly  with  a  laser  source 
has  been  demonstrated.  The  development  of  low- loss  fiber  optic  lines  has 
allowed  initiation  of  pyrotechnic  materials  to  be  demonstrated  over  a  line 
width  of  300  feet  from  a  compact  laser  course  weighing  about  4  pounds. 
Development/demonstration  of  this  concept  with  hardware  applicable  to  STS 
is  planned  over  the  next  2  years  in  the  Navy  exploratory  research  and 
development  program. 

Cost 

No  specific  data  relative  to  the  cost  of  pyrotechnics  was  observed  in  the 
literature.  However,  by  eliminating  and/or  reducing  maintenance  actions  as  a 
result  of  cleaner  systems,  reduced  life  cycle  costs  can  be  expected. 
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RELIABILITY  AND  SAFETY  TECHNOLOGIES 


This  technology  brief  considers  new  techniques,  methods,  and 
analytical  concepts  being  implemented  to  improve  reliability,  main¬ 
tainability,  and  safety.  No  specific  information  is  presented 
relating  these  technologies  to  S&RE  in  terms  of  advantages,  dis¬ 
advantages,  costs,  or  risks  of  application.  However,  this  trend 
information  can  provide  general  guidance  in  the  development  of  AAAS 
R&M  and  safety  programs. 


Potential  AAAS  Applications 

Prior  to  the  early  1970s,  few  military  avionics  acquistion  programs  were 
based  on  coordinated  reliability  elements  or  dedicated  reliability  disci¬ 
plines.  Reliability  design  elements  were  usually  limited  to  classical  engi¬ 
neering  "best  practices".  Subsequently,  the  first  clue  to  inadequate  reli¬ 
ability  design  was  seldom  evidenced  until  system  deployment.  Dedicated  reli¬ 
ability  efforts  were  then  often  remedial  in  nature,  consisting  of  selective 
circuit  redesign  with  occasional  empirical  tests  for  assessing  the  effective¬ 
ness  of  design  improvements.  That  is  not  to  say  that  the  reliability  special¬ 
ists  were  not  active  —  many  of  the  reliability  disciplines  recognized  today 
originated  well  before  1970.  However,  the  recommendations  of  these  special¬ 
ists  were  simply  not  widely  followed. 

In  late  1973  and  1974,  top  military  management  initiated  sweeping  reforms 
with  the  intent  of  elevating  reliability  performance  to  critical  parameter 
status.  Nearly  every  existing  reliability  analysis  and  discipline  that  prom¬ 
ised  a  positive  return  on  reliability  performance  was  drawn  out,  dusted  off, 
and  thrust  upon  the  avionics  community.  Thus,  DoD  Directive  5000.40  of  July 
1980  establishes  the  policies,  responsibilities  and  guidelines  for  R&M  of  DoD 
systems,  subsystems,  and  equipment  that  apply  to  all  military  departments  and 
defense  agencies.  The  directive  further  provides  DoD  standard  R&M  terms,  and 
mandates  R&M  accounting  using  terms  related  to  operational  effectiveness  and 
ownership  costs. 

The  list  of  reliability  disciplines  is  long  and  many  are  overlapping  and 
redundant.  Some  are  limited  in  effectiveness  for  certain  technologies. 

Others  yield  limited  benefits  for  certain  field  applications.  Many  are 
familiar  to  most  avionics  developers  as  informal  design  procedures.  Nearly 
all  are  expensive  when  formally  documented.  Not  all  reliability  disciplines 
are  cost  effective  on  all  avionics  development  programs.  The  following  two 
state-of-the  art  disciplines  may  be  appropriate  in  providing  R&M  requirements 
guidance  regarding  S&RE  development. 

—  Integrated  Testing.  A  typical  development  test  cycle  for  a  complex 
avionics  system  spans  2  to  3  years.  It  is  possible  to  maximize  reliability 
maturity  with  minimal  cost  and  schedule  impact  by  utilizing  the  test  time  and 
data  for  reliability  development.  This  integrated  test  philosophy  is  being 
implemented  in  current  engineering  development  test  programs  to  achieve  reli¬ 
ability  growth. 
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—  Combined  Environmental  Reliability  Test.  Combined  environmental 
reliability  test  (CERT)  facilities  have  been  recently  developed  with  improved 
capabilities  for  simulating  the  dynamic  combined  environments  to  which  intern¬ 
ally  carried  aircraft  equipment  is  exposed  in  modern  high-performance  mili¬ 
tary  aircraft.  This  test  philosophy  identifies  an  effective,  low-cost  method 
for  the  integration  of  operating  environments  and  reliability  assessment  tests. 

Safety 

The  long-recognized  need  for  designing  and  building  safety  into  aircraft 
systems  is  the  subject  of  numerous  government  directives,  most  notably 
MIL-STD-882,  Requirements  for  System  Safety  Programs  for  Systems  and  Associ¬ 
ated  Subsystems  and  Equipment.  While  the  principles  of  system  safety  should 
be  applied  throughout  all  acquisition  phases,  the  most  important  phase  is 
undoubtedly  the  conceputal,  when  the  Preliminary  Hazard  Analysis  (PHA)  should 
be  conducted.  Following  are  two  examples  of  the  application  of  PHA  tech¬ 
niques  to  obtain  required  safety  levels: 

.  A  model  was  developed  by  the  Army  Armament  R&D  Command  for  evaluating 
the  safety  and  reliability  of  electrical  equipment  in  a  lightning  environment. 

.  The  advent  of  LSI  circuits  for  airborne  computers  has  made  the  use  of 
much  higher  levels  of  redundancy  and  replication  economically  possible.  Econ¬ 
omical  use  of  replication  is  making  fault-tolerant  systems  feasible,  and  more 
and  more  applications  for  safety  critical  systems  such  as  active  flight  con¬ 
trols  can  be  expected.  In  turn,  the  opportunity  to  use  massive  redundancy, 
fault-tolerance,  and  reconfigurable  systems  is  stimulating  the  development  of 
new  analytical  tools  for  establishing  the  safety  and  cost-effectiveness  of 
the  levels  of  replication  proposed.  As  an  example,  one  manufacturer  has 
designed  an  advanced  SMS  based  on  a  reconfigurable  series/parallel  duplex 
control  system  concept  (Figure  14-1) .  That  system  is  intended  to  meet  the 
safety/reliability  requirement  that  no  single  failure  will  cause  an  inadver¬ 
tent  stores  release,  and  the  need  to  achieve  a  high  certainty  of  successful 
release  of  stores  in  time  of  war. 
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Title x  Advanced  Structure*  Concepts  R  and  H  Coat  Assessments  Title i  A  Study  of  Three  Environmental  Reliability  Tests 
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3.2  STORES  MANAGEMENT  SYSTEM 


3.2.1  Technologies  Investigated 

The  technologies  investigated  for  the  SMS  portion  of  the  AAAS  are  as 
listed  below,  each  preceded  by  an  assigned  code  as  discussed  for  S&RE  in  Sec¬ 
tion  3.1.1. 


26. 

Computers 

34. 

Large  Scale  Integration 

27. 

(Not  used) * 

35. 

(Not  used)* 

28. 

Controls/Displays 

36. 

Memory 

29. 

Data  Bus 

37. 

Packaging 

30. 

Electr ical 

38. 

Reliability 

31. 

Electromagnetic 

Environment 

39. 

Software 

40. 

Switching 

32. 

Fiber  Optics 

41. 

Lasers 

33. 

Languages 

3.2.2  Technology  Matrix 


Table  2  is  a  coded  matrix  for  SMS  that  relates  the  applicable  SMS  tech¬ 
nologies  investigated,  WBS  elements  (from  Figure  3) ,  and  technology  informa¬ 
tion  sources.  The  information  in  Table  2  is  interpreted  the  same  as  dis¬ 
cussed  for  S&RE  in  Section  3.1.2. 

3.2.3  Technology  Briefs 

Technology  briefs  for  SMS  follow,  presented  in  the  order  listed  in  Sec¬ 
tion  3.2.1. 


•Left  blank  intentionally  for  purposes  of  potential  expansion  of  technology. 


3-79 


Code  26 


COMPUTERS 


The  application  of  computers  to  the  AAA S  is  covered  in  this 
technology  brief.  Computer  architectures  and  fault-tolerance 
techniques  are  given  particular  attention. 

Potential  AAA S  Applications 

—  Process  control  equipment 

—  Aircraft  interface  equipment 

—  Stores  station  equipment 

Advantages 

—  Use  of  computers  in  advanced  armament  systems  allows  the  systems  to  func¬ 
tion  at  a  higher  level  of  sophistication  while  minimizing  crew  workloads. 
This  increased  sophistication  yields  a  flexibility  that  allows  armament 
systems  to  readily  accommodate  numerous  types  of  stores  and  variations  in 
operational  and  mission  scenarios;  and  permits  possible  use  of  standard¬ 
ized  computer  elements  in  different  types  of  aircraft. 

—  The  advent  of  microprocessors  supports  the  incorporation  of  distributed 
processing  and  fault  tolerance  techniques  in  advanced  armament  systems. 

—  A  centralized  computer  architecture  tends  to  use  less  software  and  hard¬ 
ware  than  distributed  architectures.  Centralization  facilitates  the  inte¬ 
gration  and  management  of  system  development,  and  forces  a  high  degree  of 
standardization  of  application  programs  and  documentation. 

Disadvantages 

—  Support  of  computer-oriented  systems  requires  specialized  test  equipment 
and  highly  trained  technicians  with  knowledge  of  both  hardware  and  software 
Software  is  inherently  costly  to  document,  test,  and  maintain. 

Risk 

As  is  true  for  most  technologies,  the  risk  associated  with  the  utilization  of 
computers  increases  as  the  state  of  the  art  is  approached.  Minimum  risk 
would  be  incurred  by  using  a  proven  minicomputer  such  as  the  AN/AYK-14.  This 
approach,  however,  would  not  allow  the  exploitation  of  advantages  inherent  to 
the  more  recently  developed  minicomputers,  microcomputers,  and  microprocessors 
These  advantages  include  reduced  size,  weight,  and  power  consumption,  with 
possible  increases  in  speed  and  addressable  memory. 

Trends  and  State  of  the  Art 

—  Minicomputers.  The  present  Navy  computer  for  airborne  applications  is 
the  AN/AYK-14 (V) ,  XN-1  configuration.  This  16-bit  computer  addresses  up  to 
128,000  words  of  memory,  operates  at  675  KOPS,  weighs  55  pounds,  and  requires 
1,600  watts  of  input  power. 
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Other  16-bit  military  airborne  computers  in  development  are  targeted  to 
operate  at  throughput  speeds  of  up  to  800  KOPS,  to  have  an  increased  I/O  capa¬ 
bility  (up  to  64  channels) ,  and  to  be  lighter  and  consume  less  power  than  the 
AN/AYK-14 (V) . 

Also  in  development,  with  availability  projected  in  the  mid  to  late  1980s, 
are  32-bit  computers  with  a  throughput  of  up  to  2,000  KOPS  and  with  approxi¬ 
mately  the  same  size,  weight,  and  addressable  memory  capacity  as  the  present 
16-bit  computers.  The  32-bit  machines  are  projected  to  have  reduced  power 
consumption,  down  to  100  watts. 

—  Microprocessors .  The  leading  edge  of  MOS  microprocessor  technology  is 
represented  by  such  16-bit  devices  as  the  Z8000,  68000,  and  8086.  The  trend 
for  the  32-bit  processors  is  to  bias  the  instruction  sets  toward  implementing 
HOL  compilers  to  reduce  the  software  costs  of  large  programs.  The  languages 
most  frequently  targeted  are  Pascal  and  Ada. 

Single-chip  microcomputer  devices  are  established  in  the  8-bit  controller 
area  and  are  developmental  for  16-bit  microcomputers. 

Considerable  development  is  underway  in  the  area  of  8-bit  CMOS  microproces¬ 
sors  to  take  advantage  of  the  low  power,  high  noise  immunity,  and  tolerance 
to  power  supply  variations  offered  by  this  technology. 

As  an  example  of  what  can  be  achieved  using  a  16-bit  MOS  microprocessor  to 
implement  an  airborne  computer,  some  prototypes  have  a  throughput  of  350  KOPS, 
four  I/O  channels,  weigh  6  pounds,  and  consume  50  watts. 

Another  microcomputer,  the  "i  APX  432",  is  a  32-bit  device  implemented  as  a 
three-chip  set  (a  two-chip  main  processor  and  one-chip  interface  processor) . 
This  system  employs  microcoded  firmware  and  is  programmed  in  Ada  high  order 
language. 

—  Computer  Architecture.  Microprocessors  are  being  employed  to  an  increas¬ 
ing  extent  to  help  satisfy  requirements  of  a  greater  degree  of  subsystem-to- 
subsystem  communication.  Serial  architectures  of  the  past  are  being  replaced 
with  architectures  that  allow  parallel  flow  through  independent  processors. 

The  most  likely  architecture  to  evolve  during  the  1980s  is  a  combination 
hierarchical-distributed  system.  For  example,  several  subsystems  may  be  inter¬ 
faced  independently  with  the  operators,  making  the  system  appear  distributed; 
while  a  single  executive  may  be  employed  to  provide  common  logical  interfaces. 

The  use  of  distributed  architectures  (Figure  26-1)  has  given  rise  to  the 
need  for  interelement  communication.  Distributed  architecture  will  transfer 
data  from  one  element  to  another  through  multiple  paths  via  multiplex  data 
buses  to  enhance  system  reliability. 

Skewed  processing,  a  new  computer  architecture,  incorporates  distributed 
control  functions  and  lends  itself  to  implementation  of  fault-tolerant  sys¬ 
tems.  That  is,  any  processor  that  fails  can  be  logically  removed  from  the 
circuit  and  the  remaining  processors  will  distribute  the  task  equally  among 
themselves. 

—  Fault  Tolerant  Computing.  Increasing  attention  is  being  given  to  the  use 
of  fault-tolerant  computing  techniques  to  achieve  higher  levels  of  safety  and 
reliability  in  aircraft  armament  systems.  At  least  two  architectural  con¬ 
cepts  for  fault-tolerance  software  are  in  development  (see  below) .  The 
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fault-tolerance  systems  employ  replication  of  computing  tasks  among  processing 
units.  Error  correction  and  system  reconfiguration  are  performed  by  the  software, 
and  thus  a  single  failure  can  be  tolerated  and  any  subsequent  failures  can  be 
tolerated  after  reconfiguration. 

The  two  fault-tolerance  systems  referred  to  above  are  the  Software  Imple¬ 
mented  Fault  Tolerance  (SIFT)  and  the  Fault  Tolerant  Multiprocessor  (FTMP) 
systems,  products  of  flight-control  research  by  NASA.  The  SIFT  system  uti¬ 
lizes  a  number  of  CPUs  with  associated  memories  and  I/O  processors,  all 
interconnected  by  redundant  buses.  The  software  of  the  system  allocates 
processors,  memories,  and  buses  to  the  total  computational  task  and,  in  case 
of  failure,  reallocates  these  resources.  FTMP  uses  triads  of  processors, 
memories,  and  buses,  with  a  number  of  triads  functioning  as  multiprocessors. 

Each  triad  element  executes  identical  programs  in  synchronism,  and  a  hardware 
monitor  notes  all  results  of  the  triads  appearing  on  the  buses.  The  triads 
can  mask  failures,  detect  faulty  modules,  and  take  over  for  failed  items. 
Functional  diagrams  of  these  systems  are  shown  in  Figure  26-2. 

Cost  Trends 

The  cost  of  developing  a  computer-based  system  is  graphically  depicted  in 
Figure  26-3.  As  can  be  seen  in  this  illustration,  the  cost  of  software 
represents  the  majority  of  the  cost  of  development,  with  this  ratio  increas¬ 
ing  with  time  since  the  trend  is  that  software  development  costs  are  increas¬ 
ing  at  a  rate  of  12  percent  per  year  while  hardware  costs  are  decreasing  by 
20  percent  annually. 


Proc 
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Figure  26-3.  SOFTWARE  VS  HARDWARE  DEVELOPMENT  COST 


Author:  Hiller,  L.G.  Author:  Wade,  L. 

Meetinghouse  Electric,  Baltimore,  HD  Digital  Equip.  Corp.,  Maynard, 


(Cat.  N79-CH1510-O) ,  pages  32-36 


Author:  Seat,  J.C.j  Miller,  G.E.j  Stengel,  R.F.  Author: 

US  Air  Force 


Title:  Integrated  Flight/Weapon  Control  Systea  Concepts  Title:  Fuze  Function  Control  Technology 


Code  28 


CONTROL/DISPLAY  TECHNOLOGY 


This  technology  brief  on  control  and  display  systems  gives  emphasis  to  CRTs 
and  digital  controls  currently  employed  in  military  aircraft. 

Potential  AAAS  Applications 

—  Controls  of  the  conventional  type,  such  as  bomb  buttons;  and  controls  for 
selecting  modes. 

—  Displays  such  as  discrete  indicators  and  multifunction  types. 

Advantages 

—  CRT  displays  are  still  regarded  as  the  best  available  means  of  displaying 
graphic  and  alphanumeric  information.  They  have  the  highest  resolution, 
contrast,  and  addressability;  and  the  potential  for  full-color  display 
(see  Table  28-1) . 

—  The  F-18  multifunction  CRT  displays  have  reduced  pilot  scan  time  and 
stress,  and  have  evidenced  improved  reliability  and  reduced  life  cycle 
costs  relative  to  other  display  systems. 

—  Flat  panel  displays  such  as  the  electroluminescent  and  liquid  crystal 
types  require  low  operating  voltages,  provide  direct  digital  compatibil¬ 
ity,  have  high  accuracy  and  edge  focus  capability,  and  are  very  good  for 
small  and  large  area  focus  (see  Table  28-1) .  Flat  panel  displays  also 
occupy  less  volume  and  are  more  shock  resistant  than  CRT  displays. 

—  LED  displays  are  optimized  for  alphanumeric  applications. 

Disadvantages 

For  multipurpose  display  applications,  flat  panel  displays  are  still  emerging 
and  have  certain  disadvantages  (see  Table  28-1).  However,  it  is  the  opinion 
of  experts  in  the  field  that  inherent  disadvantages  of  CRT  displays  (e.g., 
high  operating  voltages  and  susceptibility  to  physical  damage)  will  result  in 
their  eventual  replacement  (in  10  to  20  years)  with  flat  panel  types. 

Risk 

The  risk  in  using  multifunction  controls  and  graphic  CRT  displays  is  con¬ 
sidered  low  due  to  the  success  and  benefits  observed  in  such  applications  as 
the  Navy  F-18  (see  Figure  28-1)  and  the  Air  Force  F-16  aircraft. 

Flat  panel  displays  are  of  low  risk  for  alphanumeric  applications  not  requir¬ 
ing  the  display  of  graphic  information.  However,  flat  panels  are  considered 
of  medium  risk  for  graphics  applications  because  that  technology  has  not 
matched  CRT  displays  in  terms  of  contrast,  readability,  and  cost. 

Trends  and  State  of  the  Art 

.  Displays.  (See  Table  28-2  for  projections  of  display  implementation.) 

—  CRT  displays  are  experiencing  continually  greater  usage  in  aircraft  arma¬ 
ment  system  applications.  Advanced  CRT  displays  contain  microcircuits 


3-95 


that  perform  processing,  I/O,  and  scan  generation  functions.  In  essence 
these  displays  are  intelligent  terminals  capable  of  presenting  both 
alphanumer ics  and  graphics.  One  example  is  the  multipurpose  display  indi¬ 
cator  on  the  F-18  aircraft  (Figure  28-2) ,  a  graphic  terminal  that  displays 
such  information  as  aircraft  speed  and  weapon  status.  Superimposed  on 
these  displays  are  radar  data  from  sensors  (e.g.,  mapping  and  attack). 

—  A  recent  development  in  heads-up  display  (HUD)  systems  is  one  that  uti¬ 
lizes  holography  to  provide  a  wider  field  of  view  and  improved  brightness 
for  symbol  presentation.  Relative  to  other  HUDs,  the  instantaneous  field 
of  view  for  the  new  system  is  35  versus  17  degrees  azimuth  and  from  20 
versus  11.5  degrees  elevation.  In  addition,  there  is  a  reduction  in  the 
number  of  spurious  images  and  reflections  in  the  holographic  system. 

—  Another  CRT  system  is  the  horizontal  situation  display  (HSD)  in  the  F-18A 
(Figure  28-2),  which  combines  a  full  color,  moving  map  display  with  CRT 
overlays.  This  full  color  map  capability  is  derived  by  optically  projecting 
35-mm  color  film  through  a  beam-splitting  mechanism  in  the  HSD. 

—  Although  new  methodologies  for  improving  viewing  and  digital  conversion 
and  generation  are  being  pursued  for  CRT  technology,  trends  are  toward 
developing  at  least  two  flat  panel  technologies  for  eventual  replacement 
of  CRTs.  These  technologies  —  electroluminescent  and  varistor-addressed 
liquid  crystal  displays  —  are  considered  the  most  promising  to  date. 

—  One  effort  in  the  area  of  thin-film  electroluminiscent  display  (TFEL)  con¬ 
cerns  incorporating  integrated  circuit  drive  and  addressing  circuitry. 

This  system  will  consist  of  a  video/graphic  panel  and  exerciser  having  a 

9  x  12  cm  active  area  and  76,800  pixels  (240  x  320  lines).  The  state  of 
the  art  of  TFELs  is  continually  being  advanced  through  increases  in  size, 
resolution,  and  contrast  of  the  panels  (see  Table  28-3) . 

—  A  major  activity  in  LCDs  is  being  aimed  at  implementing  a  large  area, 
multilegend,  alphanumeric  touch  panel  (integrated  control  panel,  ICP;  see 
Table  28-4) . 

.  Controls.  State-of-the-art  controls  for  display  systems  include: 

—  Multifunction  keyboard  switches  of  the  pushbutton  type.  These  are  found 
around  the  periphery  of  CRT  displays  and  in  essence  are  microprocessor  I/O 
devices  (see  Figure  28-2) . 

—  Solid-state  membranes  or  contact  switches  that  incorporate  LEDs  on  elec¬ 
troluminiscent  displays  for  multi-legend  switch/display  applications. 

—  Trim  buttons  and  displacement  switches  such  as  those  used  on  the  throttle 
and  stick  of  the  F-18  aircraft  for  controlling  CRT  and  aircraft  functions. 

—  Pressure-actuated,  zero-displacement  switches,  such  as  on  the  S-3 
aircraft. 

—  Touch-sensitive  switches  such  as  the  ICP  described  above. 

Cost  Direction 

No  specific  data  were  obtainable  concerning  the  cost  of  the  various  con¬ 
trol  and  display  systems  described  in  this  brief.  However,  information  in 
the  literature  alludes  to  the  fact  that  the  lowest-cost  display  is  the  CRT. 

The  primary  reason  is  that  CRT  technology  is  well  established  in  production, 
thus  making  it  less  expensive  to  manufacture  than  other,  relatively  new  dis¬ 
play  types. 
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Table  28-2.  PROJECTED  IMPLEMENTATION  SCHEDULE  OP  ADVANCED  TECHNOLOGY 
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Title:  Boeing  757/767  Flight  Management  Computer  System  Title:  F/A-18  Horizontal  Situation  Display 


Source:  NAECON,  3  pages 


Code  29 


DATA  BUS  TECHNOLOGY 


This  technology  brief  concerns  state-of-the-art  data  bus  technology, 
particularly  the  application  and  use  of  a  MIL-STD-1553  multiplexed 
digital  data  bus. 

Potential  AAAS  Applications 

—  Data  transfer  equipment 

—  Stores  station  equipment 

—  Control  and  display  equipment 

—  Process  control  equipment 

Advantages  (Relative  to  Non-Bus  Systems) 

—  Reduction  in  number  of  wires  required  to  carry  inter-  and  intra-system 
data,  with  a  consequent  reduction  in  system  weight  and  EMI. 

—  Increase  in  the  ease  with  which  advanced  aircraft  armament  systems  can  be 
integrated  into  the  system,  by  relying  more  on  the  inherent  flexibility  of 
software  rather  than  changes  to  the  hardware,  as  shown  in  Figure  29-1  for 
the  F-16 . 

—  Increased  interchangeability  of  similar  black  boxes  through  the  adoption 
of  a  standard  interface  scheme  (MIL-STD-1553) . 

—  Increased  operational  reliability  for  armament  systems  through  the  use  of 
redundant  buses,  with  a  small  increase  in  additional  hardware  and  control 
software. 

—  Simplified  management  of  an  overall  system  through  utilization  of  a  single 
standardized  bus  system. 

—  Capability  to  interface  with  many  other  aircraft  systems  using  the  same 
bus  structure  and  protocol. 

—  Universal  familiarity  with  interface  techniques  and  bus  structures,  there¬ 
by  facilitating  maintenance  and  troubleshooting. 

Disadvantages 

—  Message  protocols  may  be  different  between  aircraft  because  MIL-STD-1553 
does  not  standardize  protocols. 

—  The  standard  multiplexed  data  bus  scheme  usually  requires  a  dedicated  bus 
controller  for  operation. 

Risk 

The  major  risk  in  using  the  standard  multiplex  digital  data  bus  for  the  AAAS 

is  the  differences  that  might  be  encountered  in  message  protocols  between 

aircraft  types  even  though  MIL-STD-1553B  has  been  designated  as  the  "standard" 

for  all  aircraft.  That  standard  does  not  specify  detailed  message  protocols. 
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V 


Trends  and  State  of  the  Art 


—  Bus  Architecture.  MIL-STD-1553B  allows  for  dynamic  bus  control  of  the  mux 
bus  by  other  than  the  primary  bus  controller.  The  feature  provides  for  bus 
control  either  in  a  command-response  mode  architecture  or  a  polled  contention 
mode  architecture.  Work  has  been  done  by  NAOC  relative  to  these  two  types  of 
architectures  and  it  has  been  found  that  the  latter  type  of  mode  architecture 
improves  bus  transmission  efficiency  by  eliminating  static  refresh  cycles. 

—  Multiplexed  Data  Bus  Cables.  Several  current  users  have  implemented  the 
MIL-STD-1553  data  bus  by  means  of  RG-108  cable  in  accordance  with  the  require¬ 
ments  of  M1L-C-17/45.  Bus  interconnections  can  be  either  direct  coupled  or 
stub  coupled.  Most  users  of  the  MIL-STD-1553  bus  have  chosen  the  transformer 
stub  coupled  architecture  because  of  its  flexibility  in  adding  future  systems. 

—  Transformers.  Several  manufacturers  provide  special  miniature  trans¬ 
formers  for  the  mux  bus  as  indicated  in  Table  29-1  with  characteristics  com¬ 
bined  with  those  of  the  transceiver  as  shown  in  Table  29-4. 

—  Data  Bus  Receivers.  The  data  bus  receiver  converts  bipolar,  biphase  Man¬ 
chester  II  data  to  TTL  levels  in  accordance  with  MIL-STD-1553  requirements. 
Manufacturers'  part  numbers  are  provided  in  Table  29-1  and  typical  character¬ 
istics  are  shown  in  Table  29-2. 

—  Data  Bus  Transmitters.  The  data  bus  transmitter  processes  TTL  biphase 
data  from  a  Manchester  II  encoder  for  transmission  on  the  mux  bus  in  accord¬ 
ance  with  MIL-STD-1553  requirements.  Manufacturers'  part  numbers  are  pro¬ 
vided  in  Table  29-1  and  typical  characteristics  are  shown  in  Table  29-3. 

—  Transceiver  Module.  Hybrid  transceiver  devices  are  currently  available 
from  several  sources,  as  shown  in  Table  29-1,  that  combine  both  multiplexed 
digital  data  bus  receiver  and  transmitter  functions  in  a  single  package.  They 
feature  low  power  dissipation  and  improved  filtering  on  the  receiver  to  enhance 
bit  error  rate  of  the  system.  Typical  characteristics  for  these  devices  are 
provided  in  Table  29-4. 

—  Manchester  II  Encoder /Decoder  Module.  Single  hybrid  converter  module 
packages  are  available  from  several  sources,  that  include  the  necessary 
encoding/decoding,  serial/parallel  and  parallel/serial  conversion,  address 
decoding  and  recognition  plus  tri-state  double  buffered  output  latches  for 
the  data  bus.  Typical  parameters  for  such  a  module  are  provided  in 
Table  29-5. 

—  Serial  Parallel  Converters.  This  device,  identified  in  Table  29-1, 
is  a  double  buffered  serial/parallel  and  parallel/serial  converter  that 
provides  all  of  the  necessary  "handshaking"  required  between  a  Manchester 
encoder/decoder  and  a  subsystem  microprocessor  including  the  protocol 
handling  for  both  a  MIL-STD-1553  bus  controller  and  remote  terminal. 

—  Remote  Terminal  Unit  Module.  Several  manufacturers  of  hybrid  circuits 
offer  MIL-STD-1553B  interface  modules,  as  shown  in  Table  29-1,  that  perform 
as  complete  remote  terminal  units  (RTUs)  by  providing  a  transformer  coupled 
input/output,  a  transceiver,  encoding/decoding  circuitry,  and  serial/parallel 
and  parallel/serial  shift  registers  in  a  single  package,  as  shown  in  Figure 
29-3.  The  devices  can  be  employed  as  the  mux  bus  interface  for  either  a 
functional  remote  subsystem  or  master  bus  controllers.  A  functional  block 
diagram  for  an  RTU  is  also  shown  in  Figure  29-2. 


Cost  Direction 

AAA S  life-cycle  cost  reductions  may  be  realized  through  the  incorporation  of 
a  multiplexed  digital  data  bus  because  of  its  inherent  flexibility  for  system 
reconfiguration  and  troubleshooting.  Direct  cost  comparisons  with  current 
hardwired  systems  are  difficult  to  make  because  of  the  limited  use  of  MIL- 
STD-1553  data  buses  in  stores  management  systems  of  active  aircraft. 
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Figure  29-1.  SMS  DATA  BUS  INSTALLATION 


Figure  29-2.  F-18  SMS  INTERFACE  DIAGRAM 


RTU  Module 


53  REMOTE  TERMINAL  UNIT 


Table  29-1.  MIL-STD-1553  DATA  BUS  COMPONENTS 


Manufacturers'  Part  Number 

Device 

ILC/DDC 

CTI 

Harris 

SMC 

1.  Transformer 

BUS-25679 

CT1231 

2.  Data  Bus  Receiver 

BUS-8555 

CT3078 

3.  Data  Bus  Transmitter 

BL^-8556 

CT2077 

4.  Transceiver* 

BUS-8553 

BUS-8554** 

CT3231 

5.  Manchester  II 
Encoder/Decoder 

BUS-8937 

CT1555 

HD-15530 

HD-15531 

6.  Serial  to  Parallel 
Converter 

COM-1553A*** 

7 .  Remote  Terminal 

Unit 

BUS-1553 

CT1553-1 

*For  MIL-STD-1553B  applications 
**F3  replacement  of  CT3231;  operates  from  ±12  to 
♦“Operates  with  HD-15530  or  HD-15531  modules 

±15  Vdc  power 

(ILC/DDC  =  ILC  Data  Device  Corp.,  Bohemia,  NY;  CTX  =  Circuit  Technology, 
Inc.,  Farmingdale,  NY;  Harris  =  Harris  Semiconductor  Products  Div. , 
Melbourne,  FL;  SMC  =  Standard  Microsystems  Corp.,  Hauppauge,  NY) 


Table  29-2.  DATA  BUS  RECEIVER  PARAMETERS 


SPECIFICATIONS  FOR  BUS8555 

PARAMETER 

UNITS 

VALUE 

ANALOG  INPUTS  _ 

Bipolar  (Differential)  DATA  and  DATA 

Input  Impedance  (Differential) 

Common  Mode  Rejection  Ratio 

Threshold  Levels 

Internal  (preset) 

External  Threshold  Adi "Stment 

Mj 

40,  p-p  (max) 

4  k  (min) 

40  (min) 

750,  p-p  (nom.  with  pins  18  4  20  grounded) 

0.0  to  2.0  (ad|ustable  linearly  with  0.0  n  to  10.0  ku  resistor 
respectively  to  ground  ) 

OUTPUTS  _ 

DATA  and  DATA  Output 

TTL  Level  Manchester  ll  (biphase)  serial  data 

POWER  SUPPLY  CHARACTERISTICS 

Operating  Voltage  Range 

■ 

RANGE 

CURRENT 

v  4.5  V  to  5.5  V 
.  10  V  to  -  18  V 
♦  10  V  to  ♦  18  V 

20  mA  @  ♦  5  V 

15  mA  @  -  15  V 

15  mA  @  ♦  15  V 

THERMAL  CHARACTERISTICS 

Temperature  Range 

Operating 

Storage  Temperature  Range 

-  55  to  *  125  (Case) 

-  55  to  ♦  135 

PHYSICAL  CHARACTERISTICS 

Size 

Weight 

in. 

0  2 

895  X  .950  X  0  15  max  (22.7  X  24.1  X  3.8  mm  max) 

0.3  (8.5g) 

Table  29-3, 


DATA  BUS  TRANSMITTER 
PARAMETERS 


Table  29-4. 


TRANSFORMER  AND  TRANS¬ 
CEIVER  PARAMETERS 


SPECIFICATIONS  FOR  BUS-8556 


PARAMETER 

UNIT 

VALUES 

INPUT  LEVEL 

■ 

OATA  and  DATA 

■ 

TTL  (Dnvmg  logic  muat  sink 

0.7mA  maxi 

Inhibit 

■ 

TTL  to  inhibit  transmitter  (Orrv- 
■ng  logic  must  sink  0.36 
mA  maxi 

OUTPUT  CHARACTERISTICS 
DATA  and  DATA  (p-p 

differential 

32.  :  4 

Output  Impedance 

■S 

<10  max  when  transmitting 

Harmon tc  Content 

Filtered  to  eiimmtte  harmonics 
above  iMHz  (see  figure  3) 

Differential Oroup  Delay 

ne 

1  35 

Output  None 

mV 

10  |>P 

POWER  REQUIREMENTS 

Pange/Peguiation 

V 

♦5*5% 

rl2  tOfiS 

Current  (see  Figure  4) 

mA 

12max 

120  maxt 

40  max  ft 

Power  Oiwpceoon 

wetta 

2  9  (100%  duty  cycle) 

t  Transmitting 
tt  Standby 

THERMAL  CHARACTERISTICS 

Operating 

•c 

-55  to*i25 

|  Storage 

•c 

-55  to*  150 

.v/ti. .  ua-1 

Size 

t  25  x  1  25  x  0.20  (32  x  32  x 

S.tmml 

Weight 

◦2 

To  be  determined 

SPECIFICATIONS-  TRANSFORMER  AND  BUS-8553  HYBRID 

PARAMETER 

VALUE 

RECEIVER 

input  Lave) 

40V  p-q  differential  max 

inout  impedance 

4  Kn  differential  mm 

Threshold  Level 

IV  o-p  nominal,  internally  set  Idirect 

coupled  model 

CMRR 

40  dB  mm  up  to  2  MHz  Max 

Output  Level 

TTL 

Power  Supply  Requirements 

5 15V  (iS%>  9  30  rnA  max 

♦  5V  Is  10%)  9  15  mA  max 

TRANSMITTER 

Input  Level 

TTL 

Output  Level 

27V  p-p  nominal  across  )45fl  load 

20V  p-p  nominal  (measured  at  point  C. 

Figure  2) 

Rise/Fall  Time 

130  neec  typical 

Output  Noise 

10  mV  p-p  differential  max 

Output  Impedance  (Receiver 

4  Kf2  differential  min  (at  1  MHz) 

Model 

Power  Supply  Requirements 

♦  15V(*5%)W70  mA  max  <325%  Duty  Cycle 

(•  25%  Duty  Cycle- Transmit 

150  mA  max  <3  100%  Duty  Cycle 

Model 

♦5V  It10%>6»  15  mA  max 

GENERAL 

Operating  Temperature  Range 

-55° C  to  ♦125°C  (case  temp.) 

Storage  Temperature  Rang# 

-55°C  to  *135*0 

Size  (24  pm  DDIP  hybrid) 

1 .4  x  0.8  x  0.2  mch 

Weight 

.4  oz.  Itypl 

NOTE:  P/N  BUS-8557  availabl#  for  ±  12V  ooarition;  consul’  factory 
—  All  tables  courtesy  ILC  Data  Device  Corp. 
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Table  29-5.  ENCODER/DECODER  MODULE  PARAMETERS 


cDcricinATmuc  crm  un.icc-» 


ELECTRICAL  CHARACTERISTICS  Vcc  ■  5.0V  1S%  Ta  ■  lnduitri»l  or  Military 


SYMtOL 

■■KdSStSHi 

■VI.'ll'JIl'.l 

TYPICAL 

MAXIMUM 

UNITS 

TEST  CONDITIONS 

VIH 

Logical  "1"  Input  Voltage 

70%  VCC 

V 

VIL 

Logical  "0"  Input  Voitaga 

20%  VCC 

V 

VlHC 

Logical  "t"  input  Voitaga  (Clock) 

vcc  *0.5 

V 

VILC 

Logical  "0"  Input  Voitaga  (Clock) 

GNO  *0.5 

V 

ml 

input  Leakage 

-1.0 

*1.0 

0V  <  V|N  <  VCC 

VOH 

Logical  “1"  Output  Voitaga 

2.4 

V 

IOM  ■  -3mA 

VOL 

Logical  "0"  Output  Voitaga 

0.4 

V 

IOL  ■  1  8mA 

ICCS8 

Supply  Currant  Standby 

0.5 

2.0 

mA 

ViN  •  VCC  -  5.25V 

Outputs  Open 

'CCOP 

SuPOly  Currant  Operating* 

8.0 

10.0 

mA 

VCC  •  5.25V. 

f  -  15MHz 

ClN 

input  Capacitance* 

5.0 

7.0 

pF 

Co 

Output  Capacitance* 

8.0 

10.0 

pF 

'Guaranteed  and  templed  but  not  100%  tatted. 

ENCOOER  TIMING 

P£C 

Encoder  Clock  Frequency 

15 

MHz 

CL  -  50pF 

FESC 

Sand  Clock  Frequency 

2.5 

MHr 

l 

tecr 

Encoder  Clock  Rite  Time 

8 

nt 

tecf 

Encoder  Clock  Fall  Time 

8 

nt 

| 

P6D 

Data  Rate 

1.25 

MHz 

tmr 

Matter  Reset  Pulse  Width 

150 

nt 

tei 

Shift  Clock  Delay 

125 

nt 

TE2 

Ser  ai  Data  Setup 

75 

nt 

TE3 

Serial  Data  Hold 

75 

nt 

T£4 

Enable  Setup 

90 

nt 

TE5 

Enable  Pulse  Width 

80 

nt 

TE6 

Sync  Setup 

55 

nt 

TE7 

Sync  Pulse  Width 

150 

nt 

T68 

Send  Data  Delay 

50 

nt 

T£9 

Bipolar  Output  Delay 

_ 

130 

nt 

' 

DECODER 

DMING 

FDC 

Decoder  Clock  Frequency 

15 

MHz 

Cl  - 50pF 

FOS 

Decoder  Synchronous  Clock 

2.5 

MHz 

i 

TOCR 

Decoder  Clock  Rise  Time 

8 

nt 

TOCF 

Decoder  Clock  Fail  Time 

8 

nt 

=OD 

Oata  Rate 

1.25 

MHz 

tor 

Decoder  Reset  Pulse  Width 

150 

ns 

TORS 

Oecoder  Retet  Setup  Time 

75 

nt 

tmr 

Matter  Reset  Pulse  Width 

150 

nt 

T01 

Bipolar  Data  Pulse  Width 

TOC  *’0 

nt 

© 

TQ2 

Sync  Transition  Span 

18TQC 

nt 

© 

T  03 

One  Zero  Overlap 

Toe  “10 

nt 

© 

T04 

Short  Data  Transition  Span 

6T0C 

ns 

© 

TQ5 

Long  Data  Transition  Span 

12TDC 

ns 

© 

Tos 

Sync  Delay  (ONI 

1 10 

nt 

l 

T  07 

Take  Oata  Delay  (ON) 

1 10 

nt 

T  08 

Serial  Oata  Out  Oelay 

80 

n« 

T09 

Sync  Delay  (OFF) 

110 

nt 

T010 

Take  Oata  Oe/ev  (OFF) 

I 

1  10 

nt 

Ton 

Valid  Word  Delay 

! 

1  10 

ns 

TQI2 

Synchronous  Clock  To  Shift  Clock  Delay 

75 

ns 

TO  13 

Synchronous  Data  Setup 

30  i 

ns 

i 

NOTE  (D  I5TOC  *10  *  115  tOecodkr  Clock  Esriodll  *10ni  Tqc  ■  Decoder  Clock  Ptnod  *  ' 

These  parameters  are  guaranteed  Dot  not  100%  tested .  PDC 


—  Courtesy  Hams  Corp. 
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Courtesy  Circuit  Technology .  Inc 


Title:  High  Voltage  Specifications  and  Teats  {Airborne  Equipment)  Title:  Integrating  the  IEEE-480  Bus 


H 


Source:  IEEE  (Cat.  I78CH1336-7) ,  Volume  3,  pages  1010-1014 


Code  30 


ELECTRICAL  TECHNOLOGY 


This  technology  brief  provides  information  on  hybrid  microcircuits, 
including  A/D  and  D/A  converters,  operational  amplifiers,  solid- 
state  power  supplies,  and  regulators;  as  well  as  on  connectors. 

Whereas  Code  34,  LSI  Technology,  describes  monolithic  circuits  at  a 
general  level,  this  brief  discusses  the  state  of  the  art  for  spe¬ 
cific  devices  and  circuits. 

Potential  AAAS  Applications 

—  Power  conditioning  equipment  for  conversion  and  interfacing  with  aircraft 
power  systems 

—  Stores  station  interfaces 

—  SMS  interconnections 

Advantages 

—  Hybrid  devices  provide  higher  reliability,  greater  density,  lower  cost, 
and  smaller  size  and  weight  than  the  discrete  counterparts.  Further 
details  are  provided  in  Table  30-1. 

—  Hybrid  circuits  can  withstand  extreme  combinations  of  electrical,  mechan¬ 
ical,  thermal,  and  environmental  stresses  such  as  are  expected  to  be  encoun¬ 
tered  by  the  AAAS. 

Disadvantages 

—  Lack  of  device  standardization  due  to  relatively  new  types  on  the 
marketplace. 

Risk 

Premised  on  the  fact  that  hybrid  microcircuits  are  successfully  implemented 
in  airborne  military  programs,  the  risk  in  using  these  devices  (when  Mil- 
qualified)  for  the  AAAS  is  considered  low. 

Trends  and  State  of  the  Art 

—  Power  Conditioners.  Hybrid  microcircuits  are  experiencing  greater  use  in 
power  conditioning  applications  for  advanced  aircraft  armament  systems.  Typi¬ 
cal  state-of-the-art  devices  include  hybrid  linear  series  regulators  having 
output  voltages  ranging  from  +5V  at  3.5A  to  +36V  at  20A.  Complementary  nega¬ 
tive  voltage  regulators  have  outputs  ranging  from  -5V  at  2A  to  -12V  at  8A. 

These  regulators  are  available  in  single  or  dual  form,  or  as  multiple  types 
contained  in  the  same  package,  with  overvoltage  and  overcurrent  protection 
incorporated  into  their  design. 

—  Switching  Power  Supplies.  These  devices  operate  from  115V,  3-phase, 

400-Hz  prime  power  sources  to  provide  ranges  of  characteristics  from  +5.3V  at 
114A  to  +15V  at  0.2A.  Negative  voltage  systems  are  available  to  complement 
these  components. 
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—  SEM  Devices.  The  Standard  Electronic  Module  (SEM)  devices  are  available 
for  advanced  armament  systems.  SEM  devices  are  discussed  under  Code  37,  Pack¬ 
aging  Technology. 

—  Relay  Devices.  Numerous  types  of  high-power,  solid-state  relay  devices 
(e.g.,  75A  steady  and  1000A  for  one-cycle  surges)  incorporate  transistors 
and/or  silicon  controlled  rectifiers.  The  trend  in  this  area  is  toward 
increased  current  and  voltage  capability.  New  materials  and  manufacturing 
techniques  are  supporting  these  developments,  with  high-reliability  products 
resulting  for  applications  of  armament  systems. 

—  Converters.  D/A  and  A/D  converters  are  available  as  hybrid  circuits,  and 
are  beginning  to  emerge  as  monolithic  types.  Hybrids  still  provide  the  best 
performance,  however,  and  a  large  number  of  hybrid  types  are  fully  qualified 
to  MIL-STD-883,  Method  5008.  Available  are  high-speed  D/A  converters  (25  and 
50  ns  maximum  settling  times)  having  capacities  of  8,  10,  12  and  16  bits,  and 
high-speed  A/D  converters  (600  ns  maximum  conversion  time)  of  12-bit  capacity. 

—  Operational  Amplifiers.  In  addition  to  converters,  operational  amplifiers 
having  very  high  slew  rates  (e.g.,  1,000  V/us)  are  available  in  production 
quantities. 

—  Connectors.  Major  advances  in  connector  state  of  the  art  are  of  interest 
to  tne  stores  station  interfaces  and  internal  electronics  of  the  AAAS.  Sev¬ 
eral  mr.  facturers  are  producing  Mil-qualified  connectors  having  improved 
RFI/EMI  shielding  characteristics  (see  Code  31)  and  better  moisture-sealing 
capabilities  than  previously  available  (see  Code  4) . 

Connectors  of  the  above  type  are  designed  to  permit  replacement  of  individual 
wires,  or  to  accept  wires  of  varying  sizes,  with  no  penalty  in  reliability. 
Individual  wire  sealing  is  by  gaskets  or  grommets  and  crimping  procedures. 
Plastic  inserts  provide  structural  as  well  as  dielectric  benefits  for  Mil 
connectors.  Contacts  are  gold-plated  copper  alloys,  but  the  high  cost  of 
gold  has  resulted  in  numerous  RSD  efforts  to  reduce  or  replace  the  gold 
plating. 

Connectors  are  available  that  can  acco.'smodate  up  to  104  contacts  per  insert. 
Subniiniature  types  handle  as  many  as  85  No.  22  contacts  in  a  size-18  shell. 

A  series  of  connectors  is  now  available  for  high-reliability  military  avi¬ 
onics  applications.  These  connectors  incorporate  quick-coupling  threads  and 
an  antidecoupling  device  to  prevent  vibration  problems. 

Connectors  for  use  with  flat  cables  are  state  of  the  art  for  stores  manage¬ 
ment  systems  that  do  not  require  rigid  environmental  protection,  such  as 
needed  for  SSI  connectors.  These  flat-cable  devices  are  available  for  connect 
ing  up  to  50  strands  of  wire.  A  recent  development  in  flat-cable  interconnec¬ 
tions  is  a  high-density  connector  for  SMS  applications  that  accommodates  two 
40-conductor  flat  cables,  resulting  in  significant  weight  and  volume  reduction 

Cost  Direction 

The  life-cycle  cost  of  hybrid  power  circuitry  is  projected  to  be  less  than 
that  of  discrete-device  power  circuits  since  hybrids  operate  at  a  lower  tem¬ 
perature  and  have  a  higher  reliability.  Costs  of  Mil-connectors  are  going  up 
because  of  the  increase  in  the  price  of  fabrication  materials  (gold  plating 
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and  other  precious  metals).  However,  large  quantity  procurements  and  elimina¬ 
tion  of  failure  and  corrosion  problems  should  produce  lower  life-cycle  costs 
for  the  systems  in  which  these  connectors  are  implemented. 

The  cost  direction  for  switching  power  supplies  is  illustrated  in 
Figure  30-1.  It  can  be  seen  that  the  cost  of  switching  supplies  is  decreas¬ 
ing  and  becomes  almost  equal  to  that  of  linear  supplies  during  the  1980  time 
period.  Linear  supplies  were  lower  in  cost  up  to  that  time. 
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Switching  vs  linear 
pricing  crossover 
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Code  31 
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ELECTROMAGNETIC  ENVIRONMENT  TECHNOLOGY 


This  brief  addresses  electromagnetic  technology  relative  to  its 
application  to  the  AAAS.  The  information  provided  concerns  electro¬ 
magnetic  compatibility  (EMC) ,  electromagnetic  interference  (EMI) , 
and  electromagnetic  pulse  (EMP)  characteristics  and  components  assoc¬ 
iated  with  advanced  aircraft  systems. 

Potential  AAAS  Applications 

—  All  AAAS  subsystems  employing  electronic  and/or  electrical  circuits. 
Advantages 

Judiciously  applied  electromagnetic  technology  yields: 

—  Decreased  susceptibility  of  sensitive  digital  devices  and  circuits  to  the 
effects  of  conducted  and/or  radiated  EMI  through  proper  shielding,  ground¬ 
ing,  bonding,  and  filtering  technologies. 

—  Increased  reliability  of  weapon  separation  and  control  guidance  through 
the  specification  of  appropriate  EMC  requirements  and  tests  of  MIL-E-6051 
and  MIL-STD-461. 

—  Enhanced  system  protection  from  conducted  transients  associated  with  cur¬ 
rently  used  discrete/relay  technology,  through  the  application  of  fiber 
optics  and  multiplexed  digital  data  bus  technologies. 

—  Increased  system  protection  from  circuit  transients  when  conventional  high- 
current  relays,  solenoids,  contactors,  etc.,  are  replaced  with  the  solid- 
state  power  control  devices  associated  with  an  EMUX  system. 

—  Ready  availability  of  mathematical  models  to  help  analyze  and  resolve  prob¬ 
lems  of  inter-  and  intra-system  compatibility. 

—  Increased  nuclear  hardening  through  application  of  proven  design  tech¬ 
niques  and  components  that  can  withstand  the  effects  of  EMP. 

Disadvantages 

—  Increased  system  cost  and  weight  due  to  tendency  to  overspecify  EMC  and 
EMP  requirements. 

—  Reduced  technical  innovation  and/or  use  of  state-of-the-art  components 
because  of  requirements  to  meet  specified  levels  of  nuclear  hardness  (see 
Tables  31-1  and  31-2) . 

Risk 

The  primary  risk  in  applying  electromagnetics  technology  to  the  AAAS  involves 
possible  cost  and  schedule  impacts  to  the  development  and  testing  of  the  hard¬ 
ware,  particularly  in  the  area  of  nuclear  hardness.  A  tradeoff  between  sys¬ 
tem  safety/survivability  and  cost  has  to  be  made  to  determine  the  level  of 
nuclear  hardness  desired.  Very  little  risk  is  involved  in  applying  sound  EMC 
requirements  appropriately. 
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Trends  and  State  of  the  Art 

—  Connec tors.  The  latest  series  (III)  OF  MIL-C-38999  connectors 
incorporates  expanded  EMI  shielding  protection  compared  to  earlier  series.  A 
minimum  shielding  capability  of  -65  dB  at  10  GHz  is  possible  with  the  new 
metal-to-metal  coupling  finger  design. 

A  new  development  for  advanced  armament  systems  is  the  Radio  Frequency  Atten¬ 
uating  Connector  (RFAC)  used  to  connect  electrically  initiated  explosive 
devices  to  fire  control  systems.  This  connector  provides  RF  and  electro¬ 
static  hazards  (RADHAZ)  protection.  The  RFAC  operates  on  an  inductive  coup¬ 
ling  principle.  In  addition,  several  RFAC  versions  using  fiber  optics  tech¬ 
nology  have  emerged  for  armament  systems. 

—  Fiber  Optics.  Many  advances  have  been  made  recently  in  fiber  optics  appli¬ 
cations  in  aircraft.  The  technology  brief  for  Code  32  presents  more  informa¬ 
tion  on  this  subject. 

—  Solid  State  Power  Controllers.  Recent  developments  in  the  area  of  solid 
state  power  controllers  for  controlling  aircraft  power  (and  thus  reducing  EMI 
problems)  have  resulted  in  the  development  of  a  specification,  MIL-P-81653, 
for  potential  advanced  armament  systems. 

—  Filters.  Signal  line  filters  are  available  that  can  be  incorporated  into 
connector  pins,  as  illustrated  in  Figure  31-1.  Most  connector  manufacturers 
can  supply  this  type  of  pin  filter.  Ferrite  beads  are  also  available  for 
in-circuit  filtering  of  critical  signal  lines. 

—  Shielding.  As  wire  shielding  technology  advances,  additional  standard 
shielded  cables  are  added  to  the  military  system  through  MIL-C-17.  An  example 
is  the  RG-108  cable,  used  for  MIL-STD-1553  data  bus  interfaces.  Figure  31-2 
shows  an  acceptable  method  of  terminating  such  shielded  cable.  Table  31-3 
lists  techniques  for  shielding  against  the  effects  of  EMP. 

—  Radiation  Hardening.  More  types  and  quantities  of  radiation-resistant 
semiconductor  devices  are  becoming  available  (see  Table  31-1) .  A  major  trend 
in  semiconductor  design  is  the  use  of  dielectric  isolation  to  obtain  radia¬ 
tion  hardening. 

Cost 

Overall  system  life  cycle  cost  should  be  reduced  through  the  judicious  appli¬ 
cation  of  electromagnetics  technology  to  the  AAAS.  Cost  savings  should  be 
achieved  through  increased  system  safety,  enhanced  mission  survivability,  and 
reduced  system  downtime  due  to  intermittent  EMI  problems. 
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INTERNAL  OPEN  AREA 


Figure  31-2.  TERMINATION  OF  COAXIAL  CABLE  SHIELDS 


Table  31-3.  HARDENING  TECHNIQUES 
AGAINST  EFFECTS  OF 
EMP-GENERATED  CURRENTS 


All  tables  courtesy  IRT  Corp. 
I©  1979) 
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Source:  NTIS  AD-A062  142/5ST,  31  pages 


Title:  The  Multiwire  Shielded  Array  -  Theory  and  Code 


FIBER  OPTICS  TECHNOLOGY 


This  technology  brief  focuses  on  fiber  optics  cables,  light  sources, 
detectors,  connectors,  and  transmitter /receiver  modules. 

Potential  AAA S  Applications 

—  Standard  stores  interface 

—  Data  transfer  equipment 

Advantages 

—  Wide  bandwidths  (100  MHz  or  more)  and  high  data  rate  capacity  (300  Mb/s 
presently,  with  up  to  1  Gb/s  projected) . 

—  Elimination  of  electromagnetic  compatibility  problems  in  armament  systems. 

—  Immunity  to  electromagnetic  pulse  effects,  thus  providing  a  radiation- 
hardened  environment  for  nuclear  stores. 

—  Absence  of  radiated  fields,  for  greater  communication  security. 

—  Elimination  of  ground  loops  and  the  need  for  shielding. 

—  Absence  of  such  hazards  as  sparking,  fire,  and  explosion  normally  asso¬ 
ciated  with  conventional  electrical  systems. 

—  Significant  weight  reduction  through  use  of  a  lighter  (nonmetallic)  con¬ 
ductor  medium  instead  of  copper  wiring,  and  the  elimination  of  shielding. 

—  Direct  usability  with  optical  sensors  without  the  need  for  amplifying 
circuitry. 

Disadvantages 

—  No  fiber  optics  components  are  military-qualified.  However,  investiga¬ 
tions  and  tests  show  that  for  an  advanced  armament  application  of  a  MIL- 
STD-1553B  1-Mb/s  data  bus,  a  compatible  set  of  components  exists  that  can 
be  qualified  to  MIL-E-5400. 

—  Signal  losses  due  to  fiber  attenuation  and  mechanical  mismatching  of  fiber 
cables  to  connectors  can  create  problems  if  not  properly  controlled.  How¬ 
ever,  recent  advances  in  technology  have  significantly  reduced  —  and  in 
some  instances  eliminated  —  mechanical  mismatching. 

—  The  fiber  optics  industry  is  geared  toward  mass  production  of  components 
for  telecommunication  systems,  and  has  not  begun  to  pursue  the  potentially 
large  volume  of  military  applications,  such  as  that  of  the  AAAS  Program. 
This  situation  has  led  to  nonstandardization  of  components. 

Risk 

The  risk  in  applying  fiber  optics  technology  to  aircraft  armament  programs  is 

considered  low-to-medium  because  of  the  many  successful  applications  reported. 

For  example,  in  the  ALOFT  program  for  A-7  aircraft,  development  of 


a  fiber  optics  interconnection  system  for  a  data  bus  application  was  con¬ 
sidered  of  low  risk. 


Trends  and  State  of  the  Art 

~  Fiber  Optics  Cables.  The  number  of  suppliers  of  fiber  optics  cables  suit¬ 
able  for  use  in  military  SMS  applications  is  increasing.  New  materials  have 
low  attenuation  losses  (see  Table  32-1) ,  and  are  available  for  single-mode 
and  multimode  propagation.  Losses  as  low  as  1  to  3  dB/km  are  reported  for 
single-mode  fiber  optics,  making  them  suitable  for  use  as  a  data  bus  (MIL- 
STD-1553B)  for  advanced  armament  systems. 

—  Light  Sources.  Light  sources  consist  of  GaAs  or  GaAlAs,  and  emit  infrared 
wavelengths  of  from  750  to  950  micrometers.  Technology  advances  are  increas¬ 
ing  the  spectral  range  from  1.0  to  1.6  micrometers  to  overcome  attenuation 
losses  (see  Table  32-2) .  The  number  of  suppliers  of  these  light  sources  is 
steadily  increasing.  Problems  of  coupling  losses  and  lack  of  external  opti¬ 
cal  enhancement  are  being  eliminated,  in  the  former  case  through  hermetic 
sealing  of  emitters. 

—  Detectors.  Detectors  consist  mainly  of  PN,  PIN,  and  avalanche  photodiode 
structures.  Significant  advances  are  occurring  in  the  detector  field  to  over¬ 
come  problems  of  losses,  with  one  approach  being  the  development  of  integrated 
amplifiers  on  the  same  chip  as  the  diode  (see  Table  32-3) . 

—  Optical  Connectors.  Connectors  for  fiber  cables  are  now  available  that 
optimize  transmitter  and  receiver  alignment  (see  Table  32-4) .  Another  major 
connection  available  for  fiber  optics  is  patterned  after  the  Standard  Military 
Approved  (SMA)  RF  coaxial  connector.  Of  further  interest  is  a  hybrid  connec¬ 
tor  that  accommodates  a  mixture  of  electrical  and  optical  signals.  Connec¬ 
tors  are  also  being  developed  containing  combined  light-emitting  sources  and 
detectors. 

—  Transmitter  and  Receiver  Modules.  Several  companies  have  successfully 
developed  fiber  optics  transmitter/receiver  modules  for  advanced  armament 
MIL-STD-1553B  applications.  Table  32-5  provides  further  details. 

Cost  Direction 

For  at  least  one  application,  the  A-7  aircraft,  fiber  optics  provide  a  signif¬ 
icant  reduction  in  total  life  cycle  cost  relative  to  the  use  of  wire  alterna¬ 
tives.  The  economic  advantages  are  due  to  the  lower  cost  of  fiber  optics 
connectors,  cables,  and  circuitry  versus  the  cost  of  conventional  elements 
(see  Figures  32-1  through  32-5).  Other  data  are  given  in  Table  32-6. 
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Table  32-1.  FIBER-OPTIC  CABLE  SAMPLINGS 
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Table  32-2.  COMPARISON  OF  EMITTER  PERFORMANCE 


Courtesy  Electronic  Design  Magazine  (©  1980.  Hayden  Pub /  Co.O 


Table  32-4.  SINGLE-FIBER  OPTICAL  CONNECTORS  Table  32-5.  TYPICAL  CHARACTERISTICS  OF  OPTICAL  COMPONENTS 


1980,  Hayden  Publ.  Co.) 


TYPICAL  FIBER-OPTIC  COMMUNICATIONS  LINKS 


pulsewidth  TTL  compatible. 

10/3  Mbits/s  duplex  channels.  $650/1600 
815/  660  nm 


Source:  IBM  Technical  Disclosure  Bulletin,  Vol.  22,  No. 

pages  3975-6  -  IEEE 


Title:  Fiber -Optic  Seals  Carve  Out  Wider  Infrared  Territory 
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COMPUTER  PROGRAMMING  LANGUAGE  TECHNOLOGY 


This  technology  brief  addresses  representative  programming 
languages  widely  used  in  military  systems  having  applicability 
to  the  AAAS. 

Potential  AAAS  Applications 

—  Stores  management  software  (operational  and  executive) 

—  Stores  system  management  and  control 

—  Weapon  delivery  control 

—  Signal  processing 

Advantages 

—  Pascal,  FORTRAN  77,  JOVIAL,  Ada,  and  CMS-2  all  provide  for  structured 
programming. 

—  Pascal  permits  a  smooth  transition  to  Ada. 

—  JOVIAL  and  Ada,  as  compared  to  CMS-2M  and  FORTRAN  77,  are  projected  to 
offer  better  reliability  and  maintainability. 

—  CMS-2M  can  specify  packed  tables  for  interfacing  with  hardware-defined 
data  structures. 

—  CMS-2  is  widely  used  for  Navy  computers. 

—  Ada  permits  multidimensional  structuring  of  programs  to  meet  the  parallel 
processing  domain  of  embedded  computers.  Ada  also  allows  for  plug-in  use 
of  software  components,  regardless  of  the  source  language  in  which  they 
are  written. 

Further  advantages  are  listed  in  Table  33-1. 

Disadvantages 

—  HOL  execution  time  is  slow,  but  this  disadvantage  is  negated  by  the  use  of 
faster  microprocessors. 

—  HOL  programs  generally  use  more  memory. 

Further  disadvantages  are  listed  in  Table  33-1. 

Risks 

The  primary  risk?  of  slower  processing  speeds  and  inefficient  use  of  memory 
associated  with  HO La  in  the  past  are  disappearing.  Current  versions  of  the 
HOLs  discussed  above  will  satisfy  most  requirements  for  AAAS  applications. 

Ada  represents  the  highest  risk  of  the  HOLs  discussed  here,  since  it  is  a  new 
language  and  therefore  not  proven.  However,  its  design  has  been  an  ongoing 
international  effort  since  1975,  and  further  is  fashioned  very  closely  to 
that  of  the  widely  implemented  Pascal.  The  primary  risk  associated  with  Ada 
is  the  shortage  of  personnel  experienced  in  its  use.  Systems  currently  in 
development  or  about  to  begin  development  can  avoid  this  risk  by  utilizing 
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other  HOLs,  such  as  Pascal  or  J73,  for  initial  development  and  implementation. 
After  successful  implementation  at  some  future  time,  the  operational  software 
could  be  transitioned  to  Ada,  the  planned  DoD  standard  HOL. 

Trends  and  State  of  the  Art 

SMS  software  is  being  implemented  to  an  increasing  extent  in  HOL  rather  than 
assembly  language.  Assembly  language  will  still  be  used  for  some  time  for 
situations  where  timing  and/or  memory  space  are  critical.  To  accommodate  the 
trend  toward  HOL,  a  great  quantity  of  HOL  software  development  tools  are  avail¬ 
able,  including  program  design  language,  debugging  aids,  and  system  hardware 
and  environment  simulators. 

Extensions  of  Pascal,  such  as  Concurrent  Pascal  and  UCSD  Pascal,  go  far  in 
meeting  specific  programming  requirements.  Another  example  of  an  extended 
Pascal  is  OMSI  Pascal,  which  can  be  implemented  for  real-time  applications. 

In  1976,  a  10-year  program  was  adopted  for  the  JOVIAL  language  by  the  Air 
Force  Systems  Command.  The  purpose  of  this  program  is  to  reduce  the  current 
inventory  of  "JOVIAL-like"  languages  to  two  standard  versions  (J3  and  J73) , 
with  the  intent  of  reducing  the  number  of  JOVIAL  compilers  that  must  be  main¬ 
tained  and  simplifying  training  requirements  for  Air  Force  computer 
programmers. 

Firmware  is  being  developed  by  private  industry  targeted  to  specific  HOLs, 
such  as  Ada  and  Pascal.  This  would  enable  software  development  directly  on 
the  target  computer  rather  than  on  a  software  development  computer  that  merely 
emulates  the  target  computer.  Such  an  advancement  would  decrease  software 
development  costs  while  increasing  efficiency. 

Costs 

The  increased  use  of  HOL  and  off-the-shelf  software  not  only  reduces  develop¬ 
ment  costs  because  of  higher  programmer  productivity,  but  also  improves  sys¬ 
tem  reliability/maintainability  and  thus  decreases  software  maintenance  costs. 
Software  design  aids  are  gaining  in  practicality  and  usefulness.  These  aid 
in  quality  control  of  software,  which  in  the  future  may  account  for  up  to  50 
percent  of  the  total  development  budget.  This  expenditure  is  justifiable 
because  of  the  potentially  great  cost  of  removing  a  "bug"  in  the  field. 
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Table  33-1.  ADVANTAGES  AND  DISADVANTAGES  OF  VARIOUS  COMPUTER  LANGUAGES 

ADVANTAGES 

FORTRAN  Has  no  real  advantage  over  the  other  HOLs,  with  the  possible 

exception  of  having  been  in  existence  the  longest. 

JOVIAL  Includes  constructs  for  exception  handling  and  strong  data 

typing. 

CMS-2  Allows  insertion  of  assembly  language  code  directly  between 

CMS-2  HOL  statements. 

Pascal  Programmer  oriented  —  easy  to  write  and  read. 

Ada  Includes  all  the  advantages  of  other  HOLs.  Real-time 

processing  and  a  high  degree  of  exception  handling 
constructs  are  built  into  the  design.  Allows  separate 
compilation  of  individual  modules.  Program  units  can  be 
compiled  separately  and  easily  linked,  regardless  of  their 
source  language,  HOL,  or  assembly  language. 

DISADVANTAGES 

FORTRAN  Lacks  low-level  I/O,  bit  and  partial  word  data  manipula¬ 

tion,  and  tightly  packed  data  records. 

JOVIAL  The  J73  version  has  no  real  strong  disadvantages  with  the 

possible  exception  of  its  complexity. 

CMS-2  Lacks  strong  data  typing.  It  is  the  most  complex  language 

of  this  group,  and  difficult  to  implement  and  maintain. 

Pascal  Originally  handled  sequential  files  only;  exception 

processing  was  not  available;  common  code  must  be  dupli¬ 
cated  and  is  inadequate  for  time-critical  operations. 

Ada  Because  this  language  is  new,  it  is  not  proven  and  there  is 

a  lack  of  experienced  personnel.  Ada  includes  several  new 
features  not  familiar  to  a  large  segment  of  programmers. 
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LARGE-SCALE  INTEGRATION  TECHNOLOGY 


Large-scale  integration  (LSI)  and  the  emerging  very-large-scale 
integration  (VLSI)  represent  state-of-the-art  integrated  circuits 
of  particular  interest  to  the  AAAS  Program.  A  future  technology 
(late  1980s),  very-high-speed  integrated  circuits  (VHSIC)  is 
considered  beyond  the  present  state  of  the  art,  and  is  not 
discussed  herein. 

Potential  AAAS  Applications 

—  Stores  station  equipment  for  analog,  digital,  and  power  interfaces 

—  Stores  management  integration,  including  the  aircraft  system  interface 
unit 

—  Program  controllers  and  distributed  processing  systems. 

Advantages 

—  LSI  (1,000  to  50,000  components  per  chip)  has  already  proven  to  be  a 
reliable,  economic  technology  for  implementing  military  circuitry.  Numer¬ 
ous  devices  of  LSI  design  are  available  for  use  in  advanced  armament 
systems . 

—  VLSI  (greater  than  50,000  components  per  chip)  systems  should  be  more 
reliable  than  LSI  assemblies  since  they  will  contain  fewer  sources  of 
failure,  such  as  power  chips  and  external  connections  (see  Figure  34-1) . 

As  particular  examples,  VLSI  would  provide  increased  reliability  of  fault- 
tolerant  computing  and  on-chip  BITE  for  functional  and  diagnostic  testing. 

—  Emerging,  smaller  VLSI  devices  provide  increased  clock  speeds  in  the 
range  of  100  MHz  or  more. 

—  Bipolar  bit  slice  components  of  LSI  design  increase  commonality  and 
standardization  between  military  and  commercial  markets. 

—  Because  of  the  increased  number  of  gates  per  chip,  LSI  and  VLSI  cir¬ 
cuitry  offer  reduced  power  consumption,  weight,  volume,  and  cost  (see  Fig¬ 
ure  34-2) . 

Disadvantages 

—  No  major  disadvantages  are  associated  with  the  use  of  LSI,  except  for 
potential  problems  of  improper  device  selection  by  designers. 

—  The  smaller  geometry  sizes,  and  hence  increased  current  density,  of  VLSI 
makes  that  technology  somewhat  potentially  less  reliable  than  LSI. 

—  VLSI  technology  requires  more  complex  manufacturing  techniques,  such  as 
multilevels  of  interconnections  on  the  same  chip.  Problems  of  increased 
contact  resistance  and  instability  are  the  most  serious  technical  issues 
to  be  overcome. 

—  Parasitic  effects  of  current  design  may  be  unforeseen  and  unrecognized  in 
VLSI  circuits. 
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Risk 

The  risk  in  using  LSI  technology  for  the  AAAS  is  considered  low  because  of 
the  numerous  successful  applications  of  LSI  in  DoD  systems.  For  example, 
microprocessors  of  LSI  design  are  being  used  in  avionics  computers,  radar 
signal  processors,  displays,  and  fire  control  systems  of  F-16  and  F-18 
aircraft. 

VLSI  technology  is  considered  of  medium  risk  since  it  is  an  emerging  tech¬ 
nology.  VLSI  is  being  extensively  applied  in  high-density  memory  devices.  A 
limited  number  of  32-bit  microprocessors  of  VLSI  design  have  been  marketed. 
Projections  are  that  VLSI  will  be  available  for  DoD  systems  within  the  next 
few  years  (see  Figure  34-3) . 

Trends  and  State  of  the  Art 

-  LSI.  The  speed  and  power  capabilities  of  available  LSI  circuits  are 
demonstrated  in  Figure  34-4.  Emerging  GaAs  devices  offer  significant 
improvements  in  speed  over  the  conventional  silicon  types.  LSI  designs  are 
shifting  from  the  once-predominant  NMOS  to  CMOS  because  of  the  lower  power 
requirements  of  the  latter  type.  For  digital  or  analog  processing,  the 
following  circuits  are  available: 

.  Microprocessors  of  4-  through  16-bit  architecture  containing  arithmetic 
units,  I/O  functions,  and  programmable  memories.  These  circuits  are 
capable  of  processing  real-time  analog  signals  and  are  suitable  for 
distributed  processing. 

.  Single-chip  circuits  that  combine  D/A  and  A/D  converters  with  micro¬ 
processors.  These  circuits  are  also  available  without  microprocessor 
elements. 

.  Multiplier  circuits  for  use  in  the  fabrication  of  complex  digital 
filters. 

.  Bipolar,  8-bit-slice  based  assemblies 

—  VLSI.  VLSI  circuits  are  becoming  available  as  32-bit  microprocessors. 
Other,  more  readily  available,  types  include: 

.  NMOS  microprocessor  chips  having  a  32-bit  CPU,  I/O  processor,  memory 
controller,  528-kb  ROM,  and  128-kb  RAM 

.  Multipliers  for  advanced  filtering  applications 

.  D/A  and  A/D  converters  employing  an  erasable  and  programmable  memory. 
Future  VLSI  capabilities  are  summarized  in  Table  34-1. 

Cost 

The  cost  benefits  of  using  LSI  and  larger  integrated  circuits  are  well  known. 
Typical  benefits  are  summarized  in  Figure  34-5. 
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MEMORY  TECHNOLOGY 


This  technology  brief  presents  information  on  semiconductor 
memories,  magnetic  bubble  memories,  and  charge-coupled  devices. 

Potential  AAAS  Applications 

—  Data  storage  and  retrieval  in  the  computer  and  controller  areas  of  process 
control  equipment,  stores  station  equipment,  and  data  transfer  equipment 

—  Refer  to  Table  36-1  for  functional  applications. 

Advantages 

—  Semiconductor  memories  offer  high  storage  density  and  fast  speed,  and  have 
a  good  reliability  history. 

—  Some  memory  devices  can  be  programmed  and  erased  either  electrically  or 
with  ultraviolet  light. 

—  Nonvolatile  memory  devices  are  available  for  airborne  applications. 

—  Static  RAM  devices  have  an  inherent  speed  advantage  over  dynamic  devices. 

—  Bubble  devices  offer  megabit  mass  storage  capability  in  a  small,  rugged 
form  suitable  for  military  airborne  applications. 

Disadvantages 

—  Standardization  efforts  for  certain  devices  have  proven  inadequate  to 
date. 

—  Systems  designed  with  memory  devices  require  complex  tradeoffs  among  per¬ 
formance,  technology,  cell  structure,  and  packaging.  The  numerous  cir¬ 
cuits  and  variables  associated  with  memory  technology  necessitate  very 
creative  designing  to  prevent  improper  system  designs  and  applications. 

—  Bubble  devices  are  an  emerging  technology,  with  limited  risk  information 
available. 

—  Charge-coupled  device  technology  is  no  longer  being  pursued  by  manufac¬ 
turers  as  a  prime  candidate  for  memory  application  because  of  the  slow 
speed  and  volatility  of  these  devices. 

Risk 

Since  the  semiconductor  memory  is  an  established  technology,  having  been 
successfully  applied  in  numerous  aircraft  and  space  applications,  such 
devices  represent  a  low  technical  risk.  Care  should  be  taken,  however,  when 
considering  devices  at  the  leading  edge  of  development.  Historically, 
development  goals  have  usually  been  met  but  the  projected  schedules  for  these 
developments  have  been  substantially  exceeded  in  many  cases. 

The  risk  in  using  bubble  memories  is  considered  medium.  Although  no  major 
reliability  problems  have  been  experienced  in  commercial  applications,  mili¬ 
tary  airborne  applications  have  been  insufficient  to  provide  confidence  in 
the  utilizatton  of  bubble  memories  for  the  AAAS.  However,  several  high- 
reliability  Apace  programs  are  considering  the  use  of  bubble  devices  in 
onboard  processing  systems. 
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Trends  and  State  of  the  Art 

—  Static  RAMs.  The  most  prevalent  static  RAM  applications  are  the  4-kb  HMOS 
and  CMOS  structures,  which  have  access  times  ranging  from  35  to  75  ns.  Bipolar 
devices,  although  faster  (e.g.,  6.5  ns)  are  limited  in  availability  at  these 
speed  levels. 

Bit-wide  static  RAMs  of  16Kxl  organization,  fabricated  using  HMOS,  bipolar, 
or  CMOS  structures,  will  be  in  production  in  1981,  along  with  byte-wide  static 
RAMs  of  2Kx8  organization.  These  latter  devices,  although  slower  in  access 
time  and  of  higher  power  dissipation  than  bit-wide  devices,  find  numerous 
applications  in  microprocessor  systems. 

—  Dynamic  RAMs.  Dynamic  RAMs  of  64Kxl  organization  have  power  dissipation 
levels  from  200  to  400  mW  and  access  times  from  100  to  500  ns.  RAMs  having 
8Kx8  organization  are  expected  to  be  available  in  the  near  future  (1981-1982) , 
while  growth  will  increase  to  256  kb  in  1984  and  1  Mb  in  1987. 

—  Pseudostatic  RAMs.  Some  dynamic  memory  devices  have  on-chip  automatic  or 
semiautomatic  refresh  circuitry  and  are  available  in  various  organizations. 

—  ROM  Memories.  NMOS  mask-programmed  ROMs  of  64-kb  capacity  are  available, 
along  with  a  256-kb  NMOS  device  having  an  80-ns  access  time. 

In  development  are  128-kb  CMOS  ROMs  having  access  times  of  2  to  20  us  and  a 
standby  current  of  200  uA.  International  companies  have  produced  1-  to  4-Mb 
ROMs  of  wafer  size,  as  well  as  a  512-kb  ROM  chip. 

Bipolar  ROMs  have  bit  densities  of  up  to  8  kb.  No  new  developments  are  in 
progress  in  this  area. 

—  PROM  Memor ies .  Fuse-link  PROM  devices  have  bit  densities  of  from  8  to 

16  kb.  Most  PROMs  are  implemented  in  Schottky  TTL,  and  achieve  access  speeds 
in  the  30-  to  90-ns  range.  State-of-the-art  16-kb  devices  are  available  in 
2Rx8  format,  emerging  in  the  4Kx4  format.  In  the  more  distant  future,  32-kb 
devices  will  be  marketed. 

—  UVEPROMs.  UVEPROMs  have  bit  densities  up  to  16  kb,  with  32-  and  64-kb 
devices  beginning  to  emerge  and  256-kb  versions  expected  to  be  available  within 
Shears. 

—  EEPROMs  and  EAPROMs.  These  devices  have  bit  densities  of  up  to  8  kb,  with 
at  least  one  type  employing  NMOS  memory  cells  and  CMOS  peripheral  circuits. 

—  CCD  Memories.  Other  technologies  appear  to  have  nullified  the  requirement 
to  develop  CCD  technology.  Although  some  experts  take  exception  to  this  prog¬ 
nosis,  the  future  of  CCD  memories  is  uncertain. 

—  Magnetic  Bubble  Memories.  Magnetic  bubble  memories  are  available  with  bit 
densities  of  up  to  1  Mb.  Near-term  developments  will  increase  the  sources  of 
256-kb  and  1-Mb  devices. 

Projected  capabilities  of  various  memory  devices  are  depicted  in  Figure  36-1. 
Cost 

The  cost  direction  of  semiconductor,  CCD,  and  magnetic  bubble  memory  devices 
is  illustrated  in  Figures  36-2  and  36-3. 
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PACKAGING  TECHNOLOGY 


Advanced  packaging  approaches  for  utilization  in  the  SMS  are 
described  in  this  technology  brief,  together  with  current  trends  in 
production  for  solving  interconnection  problems.  Packaging 
approaches  of  particular  interest  include  the  Standard  Avionics 
Module  (SAM) ,  Standard  Electronic  Module  (SEM) ,  Improved  SEM 
(I-SEM) ,  Tape  Automatic  Bonding  (TAB),  and  chip  carriers. 

Potential  AAAS  Applications 

—  Process  control  equipment 

—  SMS  interface  to  data  bus 

—  Control  and  display  equipment 

—  Power  conditioning  equipment 

Advantages 

—  SAM  should  provide  optimum  packaging  techniques  for  advanced  armament 
electronic  systems  and  modular  avionics 

—  I -SEM  offers  improved  cooling  characteristics  and  thermal  properties  for 
advanced  armament  systems  (see  Figure  37-1) ,  and  increased  "pinout" 
capability. 

—  Chip  carrier  technology  reduces  (relative  to  the  standard  DIP)  the  surface 
area  required  for  attachment  of  components  to  boards  or  substrates  (see 
Table  37-1).  Chip  carriers  are  more  compatible  with  LSI  and  VLSI  devices 
than  other  packaging  technologies. 

—  CAD/CAM  technology  allows  the  use  of  hardwired  electronics  at  a  cost  and 
time  reduction  over  conventional  PCB  approaches. 

Disadvantages 

—  Need  for  industry  acceptance  of  such  changes  as  eventual  replacement  of 
DIPs  by  chip  carriers,  and  the  standardization  of  pinouts  for  LSI  and 
VLSI.  This  situation  causes  apprehension  concerning  future  availability 
and  cost  of  components  for  implementing  advanced  modular  packaging. 

—  The  Modular  Avionics  Packaging  (MAP)  Program  is  not  compatible  with  USAF 
architectural  concepts  due  to  the  use  of  the  I-SEM  2A  as  the  building 
block.  MAP  also  fixes  rack  size  and  allows  no  installation  flexibility 
for  the  airframe  manufacturer. 

Risk 

The  risk  in  using  the  above  technologies  for  advanced  armament  systems  is 
considered  low  to  medium.  One  reason  is  that  certain  approaches  such  as  the 
SAM  will  require  more  involved  testing  and  qualification  before  full  confi¬ 
dence  can  be  gained.  However,  SEM  has  exhibited  a  very  successful  opera¬ 
tional  history. 
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Trends  and  State  of  the  Art 

—  Standard  Electronic  Module.  The  state  of  the  art  for  SEM  is  established, 
with  more  than  4.5  million  modules  committed  to  Navy  electronic  systems.  The 
trend  is  toward  greater  use  of  I-SEMs  due  to  their  improved  qualities  and 
direct  interchangeability  with  SEM.  A  development  effort  is  underway  to 
prepare  an  I-SEM  with  a  microprocessor  module  based  on  carrier  technology. 

The  resulting  circuitry  will  provide  a  fully  buffered  microprocessor  function 
with  2Kxl6  bits  of  PROM  and  1Kx16  bits  of  static  RAM. 

To  obtain  more  efficient  packaging  with  a  higher  density  of  circuits  per 
area,  the  SAM  technology  is  evolving.  SAM  uses  an  approach  similar  to  the 
SEM,  but  concentrates  on  mechanical,  electrical,  and  thermal  interfaces  for 
airborne  environments.  SAM  modules  are  projected  to  occupy  approximately 
3x6  inches  of  board  area  (1/2  ATR) . 

The  Modular  Avionics  Packaging  program  has  generated  considerable  interest. 
This  program  anticipates  using  the  SEM  and  SAM  technologies,  along  with  an 
integrated  rack  concept.  The  latter  concept  allows  for  combining  groups  of 
standard  modules  into  multiple  subsystems  packaged  in  a  rack  assembly  that 
provides  cooling,  mechanical,  and  environmental  protection  as  well  as  signal 
and  power  capabilities.  The  MAP  Program  schedule  calls  for  flight  testing  in 
FY82.  Tables  37-3  and  37-4  provide  SEM  information. 

—  Chip  Carriers.  Chip  carriers  are  projected  as  a  replacement  for  DIPs,  and 
offer  good  potential  for  implementing  SEM  and  SAM  designs.  Chip  carriers 
consist  of  chips  within  leadless,  hermetically  sealed  packages  soldered  to 
PCBs.  They  provide  high  density  and  permit  higher  functional  capability  with 
fewer  "pinouts"  and  interconnections.  Chip  carriers  are  being  investigated 
for  application  to  Air  Force  and  Navy  systems. 

—  Tape  Automatic  Bonding.  TAB  packaging  is  emerging  as  a  candidate  for 
very-high-density  circuit  applications  (see  Figure  37-2) .  This  method 
involves  the  mass  bonding  of  integrated  circuits  to  copper  microintercon¬ 
nections  on  insulated  film,  and  is  projected  to  eventually  replace  the  common 
bare-chip  mounting  approach.  With  TAB,  it  is  possible  to  mount  100  or  more 
components  on  a  single  substrate. 

—  CAD/CAM.  This  design  and  manufacturing  technology  has  been  used  for 
numerous  high-reliability  DoD  programs  having  hardwired  PCB  systems.  It  is 
now  being  considered  for  complex  interconnections  to  allow  the  use  of  welded- 
wire  boards  with  chip  carriers  and  TABS  instead  of  multilayer  PCBs.  Hardwire 
welding  of  circuits  permits  fast  turnaround  time  for  electronic  systems  with¬ 
out  sacrificing  cost  or  reliability. 

—  Interconnection  Technology.  The  trend  toward  LSI  and  VLSI,  with  their 
very-high-packaging  densities,  is  producing  new  technology  for  interconnec¬ 
tions.  The  advent  of  chip  carriers  and  the  TAB  packages  has  aided  these 
trends.  High-density  multilayer  substrates  for  direct  mounting  of  integrated 
circuit  chips  are  emerging  for  use  in  attachment  to  the  larger  PCB  (see 
Figure  37-3) . 

Cost 

Cost  ^.rections  for  the  packaging  technologies  discussed  in  this  section  are 
demontrated  in  Figure  37-4  and  Table  37-2. 
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RELIABILITY  TECHNOLOGY 


This  technical  brief  addresses  reliability  technology  in  two  areas: 
recent  advances  that  have  the  potential  of  contributing  to  the  reli¬ 
ability  of  SMS,  and  the  latest  publications  and  techniques  for  sup¬ 
porting  reliability  programs. 

Trend  Information 

There  is  increasing  reliance  on  software  for  organizing  and  speeding  the  use 
of  reliability-oriented  procedures  originally  developed  for  manual  manipula¬ 
tion  and  for  such  prosaic  purposes  as  the  storage  and  retrieval  of  data  files. 
Software  reliability  technical  references  have  experienced  significant  refine¬ 
ments  in  recent  years.  Finally,  the  reliability  of  software  itself  continues 
as  a  research  and  development  concern.  A  listing  of  areas  in  which  advances 
have  been  made  are: 

.  Application  of  graph  theoretic  methods  of  network  reliability  analyses 
.  Application  of  Fourier  series  to  Bayesian  techniques 

.  Application  of  Boolean/switching  algebra  to  the  reliability  analysis  of 
complex  networks 

.  Continued  development  and  availability  of  computer  programs  for  perform¬ 
ing  system  reliability  predictions 

.  Continued  development  of  computer  programs  for  performing  exhaustive 
tie-set  and  cut-set  enumerations  for  complex  systems 

.  Application  of  data  management  systems  to  searching  and  scoring  FMEA 
and  other  tabular  analyses. 

Many  of  the  programs  mentioned  above  require  failure  rate  estimates  as  an 
output.  These  estimates  can  be  obtained  as  computer  products.  Many  compan¬ 
ies  have  automated  the  procedures  for  performing  reliability  predictions  in 
accordance  with  MIL-HDBK-217 .  In  addition.  Defense  contractors  can  obtain 
access  to  a  government-owned  prediction  program  (RADC-ORACLE) ,  which  is  resi¬ 
dent  on  the  Rome  Air  Development  Center  computer. 

Other  examples  of  automated  reliability  analysis  support  are  the  Microcircuit 
Reliability  Analysis  Program  (MRAP)  and  Semiconductor  Reliability  Analysis 
Program  (SRAP) .  These  programs  compare  an  inputted  parts  list  to  a  data  base 
and,  for  each  part,  lists  whether  or  not:  a  military  specification  is  avail¬ 
able,  a  QPL  source  exists,  an  alternate  military  specified  part  is  recom¬ 
mended,  the  device  is  recommended  for  new  designs,  and  if  a  standardization 
activity  is  planned.  Besides  their  use  in  evaluating  proposed  program  parts 
lists,  the  programs  are  used  to  generate  listings  to  aid  designers  in  select¬ 
ing  parts.  One  listing  provides  a  functional  description,  specification  and 
slash-sheet  designator.  It  also  provides  a  recommended  substitute  if  a  par¬ 
ticular  device  is  not  recommended  for  use  in  new  designs.  A  second  listing 
provides  cross-references  to  the  data  by  commercial  or  generic  part  number. 

A  third  listing  cross-references  the  military  specification/slash  sheet  desig¬ 
nator  and  generic  number  by  DESC  drawing  number. 
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Another  example  of  reliability  computer  software  is  a  program  for  optimizing 
burn-in  procedures  originally  published  in  1978  in  RADC-TR-78-55,  Electronic 
Equipment  Screening  and  Debugging  Techniques.  The  program  has  been  used  by 
the  Navy  tc  design  a  screening  program  for  the  Mk  47  torpedo  and  by  various 
industrial  firms,  one  of  whom  estimated  that  its  use  could  result  in  a  cost 
avoidance  of  $900,000  a  month. 

Screening  remains  an  area  of  high  interest,  with  the  Institute  of  Environ¬ 
mental  Sciences  leading  a  team  to  develop  a  recommended  standard.  A  survey 
of  current  burn-in  knowledge  was  made  in  1980  and  will  be  published  in  1981 
as  an  RADC  Technical  Report  entitled,  "Burn-in;  Which  Environmental  Stress 
Screens  Should  be  Used?"  Among  other  findings,  the  report  questions  the  ade¬ 
quacy  of  ten  thermal  cycles  cited  as  sufficient  in  previous  documents  includ¬ 
ing  NAVMAT  P-942,  Navy  Manufacturing  Screening  Program,  the  only  government 
screening  standard  now  available. 

Documents  and  Standards 

Of  primary  significance  is  the  release  of  DoD  directive  5000.40,  Reliability 
and  Maintainability,  1980.  The  directive  provides  DoD  standard  R&M  terms  and 
mandates  R&M  accounting  using  terms  related  to  operational  effectiveness  and 
ownership  costs.  These  terms  were  anticipated  by  the  Air  Force  and  already 
implemented  in  AFR  80-5  and  AFSC  Supplement  1,  both  released  in  1979. 

MIL-HD8K-217C,  Reliability  Prediction  of  Electronic  Equipment,  Notice  1,  was 
published  in  May  1980  with  major  changes  in  the  monolithic  integrated  circuit 
and  microwave  solid  state  device  models.  In  December  1980,  the  proposed  MIL- 
HDBK-217D  was  released  for  coordination  review,  in  accordance  with  the  pre¬ 
paring  activity  (RADC)  policy  of  annual  revisions  to  the  handbook.  The  pro¬ 
posed  revision  will  add  CCD,  bubble  memory,  and  GAAsFET  models  and  change  the 
environment  factors,  except  for  avionics  environmental  factors  that  will  be 
changed  in  the  1982  revision. 

MIL-STD-785B,  Reliability  Program  for  System  and  Equipment  Development  and 
Production,  was  published  in  1980  by  the  Air  Force  Avionic  Systems  Division. 
That  standard  provides  reliability  program  elements  in  a  form  amenable  to 
tailoring  for  specific  procurements. 

Soon  to  be  available  is  MIL-HDBK-189,  Reliability  Growth  Management,  prepared 
by  the  U.S.  Army  Communications  Research  and  Development  Command. 

The  International  Electrotechnical  Commission  (IEC)  is  currently  developing 
and  publishing  a  standard  {IEC  publication  605)  that  gives  procedures  for 
equipment  reliability  compliance  and  determination  testing. 
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SOFTWARE  TECHNOLOGY 


Software  applications  and  trends,  as  relevant  to  the  AAAS,  are 
discussed  in  this  technology  brief. 

Potential  AAAS  Applications 

—  Operating  systems  that  provide  top-level  control 

—  Applications  programs  that  perform  the  major  SMS  functions. 

Advantages 

—  A  single  processor  can  accomplish  multiple  functions  with  software  modules 
that  would  otherwise  require  more  and  bulkier  hardware  elements. 

—  Software  technology  provides  the  capability  of  accomplishing/monitoring 
routine  navigational  functions,  thus  allowing  the  flight  crew  more  time 
for  non-routine  armament  tasks. 

—  Fault-tolerant  software  architectures  will  increase  the  probability  of 
mission  success  through  increased  advanced  armament  system  reliability. 

—  Distributed  software  architectures  lend  themselves  to  adding  or  modifying 
functions. 

Disadvantages 

—  The  use  of  software  instead  of  hardware  for  advanced  armament  system  func¬ 
tions  increases  the  cost  of  software  development  and  maintenance.  The 
cost  is  even  greater  for  centralized  architectures. 

—  Distributed  architectures  require  more  exhaustive  testing  of  software  mod¬ 
ules  at  an  earlier  stage  of  development,  thus  necessitating  earlier  avail¬ 
ability  of  test  facilities  and  simulation  techniques. 

Risk 

Utilizing  software  instead  of  hardware  to  accomplish  aircraft  armament  func¬ 
tions  is  considered  of  medium  risk.  As  they  become  increasingly  complex, 
advanced  aircraft  armament  systems  will  also  become  less  understandable  and 
manageable  unless  discipline  is  applied  early  in  their  design.  Concepts  of 
software  modularity  will  help  alleviate  this  problem.  Other  techniques  that 
will  reduce  the  risks  associated  with  increasing  complexity  are  the  use  of 
design  management  aids,  e.g.,  requirement  statement  languages,  high-order 
languages,  and  structured  programming. 

Trends  and  State  of  the  Art 

The  refinement  of  current  design  aids  and  techniques  will  provide  more  reliable/ 
maintainable  software  and  will  also  help  to  offset  the  increasing  costs  of 
software  development.  The  current  emphasis  on  software  modularity  and  struc¬ 
tured  programming  will  continue.  Modularity  and  structured  programming  both 
improve  the  maintainability  of  software. 
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The  use  of  program  design  languages,  such  as  POL,  are  also  gaining 
popularity.  This  tool  provides  a  more  thorough  overall  design  early  in  the 
development  of  the  software  system.  The  "chief  programmer"  approach,  top- 
down  design  philosophy,  and  peer  design  walkthrough  are  also  software 
development  techniques  required  of  many  projects,  which  result  in  a  more 
orderly  design. 

The  advent  of  software  configuration  control  has  helped  to  control  and 
monitor  the  progress  of  software  projects.  Future  enhancements  of  software 
configuration  control  will  be  methodologies  for  accessing  the  impact  of  pro¬ 
posed  changes/enhancements  on  software  that  is  already  operational. 

Advances  in  the  hardware/software  architectures  have  not  kept  pace  with  indi¬ 
vidual  hardware/ software  techniques.  However,  microprocessor  manufacturers 
are  beginning  to  pay  more  attention  to  this  area,  as  is  evidenced  by  the 
hosting  of  HOL  interpreters  on  the  microprocessor  itself.  One  manufacturer 
has  built  a  Basic  computer  Language  interpreter  into  a  chip.  Another 
manufacturer  has  developed  a  chip  that  has  type  checking  and  multitasking  on 
the  chip  in  preparation  for  direct  translation  of  high-order  languages. 

The  software  resident  in  the  AAAS  should  be  coded  in  HOL  for  easier  access, 
and  will  be  modular  in  nature  to  facilitate  changes  and  validation. 

Other  software  trends  include  component  software  such  as  file  management  and 
protocol  procedures  that  can  be  easily  tailored  to  a  user's  particular 
requirements.  Standard  interface  rules  (the  "software  bus")  will  ensure 
compatibility  between  software  components. 

Cost 

The  overall  cost  of  avionics  software/hardware  architectures  will  rise,  but 
with  the  refinement  of  software  development  tools  (see  Figure  39-1)  not 
necessarily  in  the  same  proportion  as  functionality.  The  increased  use  in 
AAAS  of  multifunction  displays  and  controls  will  drive  up  software  costs. 

The  reduced  workload  benefits  to  the  flight  crews  need  to  be  weighed  against 
the  costs  of  implementing  this  custom-designed  software.  The  improvement  of 
software  development  tools  and  development  methodologies  will  help  keep 
development  costs  at  a  manageable  level.  More  aggressive  quality  control 
procedures  are  being  achieved  during  the  software  development  phase,  which 
improves  reliability  and  maintainability,  both  of  which  will  help  to  minimize 
software  maintenance  costs.  Automatic  programming  (i.e.,  automated  software 
code  generation  directly  from  user  specified  requirements)  will  reduce  system 
development  time  and  cost. 
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SWITCHING  TECHNOLOGY 


This  technology  brief  provides  a  state-of-the-art  review  of  high 
power  switching  technology,  with  particular  attention  to  solid 
state  devices. 

Potential  AAA S  Application 

—  Power  conditioning  equipment  for  advanced  armament  systems 
Advantages  (Bipolar  vs.  MOSFET  Devices) 

—  Bipolar  transistors  provide  higher  current  and  voltage,  are  current- 
controlled,  have  lower  forward  voltage  drops,  cost  less,  and  have  an  estab¬ 
lished  reliability  history. 

—  MOSFET  devices  have  faster  switching  speeds,  are  less  susceptible  to 
secondary  breakdown  failure  (see  Figure  40-1),  require  less  drive  power, 
are  voltage  controlled,  and  are  compatible  with  CMOS  and  TTL  because  of 
their  higher  input  impedance. 

—  The  use  of  MOSFETs  in  switching  power  supplies  reduces  power  dissipation. 
Risk 

The  risk  in  using  the  power  semiconductor  switches  described  herein  for  SMS 
is  low  due  to  extensive  successful  military  applications. 

Trends  and  State  of  the  Art 
•  Solid-State  Components 

—  Bipolar  Power  Semiconductor  Switches.  Typical  devices  are  capable  of 
operating  in  the  50-100  kHz  frequency  range,  and  can  carry  40A  of  current  at 
up  to  600V.  Some  devices  can  carry  8A  at  voltages  of  900,  1,200,  and  1,500; 
and  Darlington  bipolar  devices  (see  Figure  40-2)  can  carry  up  to  20A  at  850V 
and  60A  at  250V.  One  company  has  announced  a  100A  Darlington  rated  at  900V. 

Trends  in  bipolar  development  are  toward  increasing  speed  to  make  them  com¬ 
petitive  with  FETs.  One  such  device  in  development  has  been  demonstrated  to 
operate  at  0.5  MHz,  and  has  current  ratings  varying  up  to  30A  for  voltages 
from  40  to  450.  For  power  applications  where  speed  is  not  critical,  bipolars 
exist  that  are  rated  at  200A  peak  at  450V.  One  foreign  supplier  claims  to 
have  a  transistor  in  limited  quantity  that  is  rated  300A  continuous  (450V 
peak) . 

—  MOSFET  Power  Switches.  Fast-switching  MOSFET  devices  (Figure  40-3)  are 
typically  rated  at  28A  at  60V,  or  11A  at  400V.  New  manufacturing  techniques 
and  material  improvements  are  beginning  to  yield  MOSFETs  having  higher  currents 
and  voltage. 

The  earlier  VMOS  structures  are  competing  with  newer  DMOS  and  TMOS  types  that 
provide  current  ratings  (pulsed)  of  16A  at  400V.  These  devices  exhibit  for¬ 
ward  voltage  drops  comparable  to  those  of  bipolar  types. 
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Numerous  lower  power  FETs  are  available  with  typical  characteristics  of  40  ns 
switching  speed  at  currents  (continuous)  of  4A  from  40  to  80  volts.  These 
devices  are  emerging  in  production  quantities,  with  trends  toward  higher  volt¬ 
age  and  current  without  sacrificing  speed. 

—  Thyristors.  These  high  power  devices,  also  referred  to  as  SCRs,  have 
capabilities  up  to  2  kV  (standoff)  and  up  to  10  kA  peak  current  capacity.  A 
unique  aspect  of  SCRs  is  the  ability  to  be  triggered  by  a  laser  light  source. 

—  Hot  Carrier  Diodes.  These  devices,  also  known  as  Schottky  diodes,  operate 
at  very  high  frequencies,  although  limited  to  75A  at  45V  (breakdown) .  They 
have  a  forward  voltage  drop  half  that  of  a  PN  junction  diode. 

—  Standard  Diodes.  Fast-recovery  diodes  are  emerging  having  speeds  of  50  to 
70  ns,  with  capability  of  30  to  70  amperes  at  high  voltages.  Variations  of 
these  devices  have  voltages  up  to  600V,  and  current  ratings  up  to  100A. 

Cost  Direction 

Bipolar  devices  are  less  expensive  than  MOSFETs.  A  rule  of  thumb  for  pricing 
is  that  off-the-shelf  power  transistors  rated  at  100A  and  up  cost  between  $1 
and  $2.50  per  ampere.  It  is  anticipated  that  solid-state  switches  will  become 
less  expensive  than  their  electromechanical  counterparts. 


TitUi  PIH  Diode  Trade-Off  Study  for  Broadband  High  Power  Peat  Title:  Meabrane  Switches,  Low-Cost  Companion  for  Electronic  Logic 

Switching  Speed  Microwave  Switches 

Author:  Haggerty,  J.  Kenneth 

Author:  Moran,  John  Cent r slab,  Inc. 

Microwave  Associates  Inc.,  Burlington,  MA 


Title:  6-Bit  A-D  Converter  Pulls  Only  200  oM  at  15  MHi  Title:  Getting  Reliable  Signals  froe  Position  Sensors 
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LASER  TECHNOLOGY 


This  technology  brief  addresses  laser  emitting  sources  for  applica¬ 
tion  to  fiber  optics  data  links,  as  described  under  Code  32. 

Potential  AAAS  Applications 

Laser  technology  as  it  pertains  to  fiber  optics  is  potentially  applicable  to 
data  transfer  equipment  of  the  AAAS. 

Advantages 

—  Laser  emitters  have  a  higher  degree  of  waveguiding  than  is  available  from 
current  LEDs,  and  thus  offer  better  coupling  efficiency. 

—  Because  of  the  ability  of  laser  emitters  to  produce  higher  output  levels 
than  LEDs,  using  comparable  input  power,  attenuation  losses  are  overcome 
and  overall  system  efficiency  is  improved. 

—  Lasers  have  faster  rise  and  fall  times  and  greater  bandwidth  performance 
characteristics  than  LEDs. 

Disadvantages 

—  Laser  outputs  degrade  with  time  and  vary  with  temperature  (see 
Figure  41-1) . 

Risk 

The  risk  in  using  laser  devices  rather  than  LEDs  for  advanced  armament  sys¬ 
tems  is  considered  medium  because  laser  technology  is  still  evolving  (see 
projections.  Figure  41-2) .  NO  reliability  information  is  available  for  mili¬ 
tary  applications,  nor  has  the  ability  to  meet  Mil-qualification  requirements 
been  demonstrated.  However,  at  least  one  supplier  claims  the  capability  of 
producing  a  reliable  laser  transmitter  having  an  output  power  of  5  mw  cw  and 
an  operational  life  of  100,000  hr.  Because  the  telecommunications  market  for 
fiber  optics  is  so  universal,  use  of  lasers  is  expected  to  become  a  success¬ 
ful,  standardized  alternative  to  LEDs,  which  should  benefit  the  AAAS  Program. 

Trends  and  State  of  the  Art 

—  New  materials  of  indiuro-gallium-arsenide-phosphide  (InGaAsP)  and  GaAsP 
are  being  used  to  produce  laser  emitters.  Most  LEDs  use  GaAlAs. 

—  Lasers  are  being  incorporated  into  complete  package  assemblies  that 
include  cooling  elements,  thermistors,  detectors,  and  signal  interface 
devices.  The  packages  are  coupled  to  a  fiber  optics  pigtail  for  direct 
connections  to  other  optical  components. 

—  Developmental  devices  are  available  having  1,300-um  wavelengths,  CW  oper¬ 
ated.  These  lasers  incorporate  a  stripe-contact  that  confines  the  active 
lasing  region  of  the  junction  to  a  narrow  section  of  the  emitting  facet. 
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Cost 


The  cost  of  implementing  laser  emitters  for  fiber  optics  applications  is  high 
compared  to  that  of  LEDs.  However,  as  the  technology  evolves  and  is  suitable 
for  mass  production,  the  cost  is  likely  to  decrease,  as  has  been  observed  for 
fiber  optic  semiconductor  devices;  see  Code  32  discussion. 
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Courtesy  Electronic  Design  Magazine 


Source:  Rockwell  Associates,  Inc.,  Seminar  Management,  34  pages 
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TECHNOLOGY  MATRICES 


Table  A-l.  TECHNOLOGY  MATRIX,  Technology  Spectra 

SUSPENSION  AND  RELEASE  EQUIPMENT  ^ - 7 - 7 - 7 - 7 - 7 - 7 - 7 - 7 - 7 - 7" 
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Table  A-2.  TECHNOLOGY  MATRIX,  Technology  Spectra 
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Table  A-2f.  TECHNOLOGY  MATRIX, - 

STORES  MANAGEMENT  SYSTEM,  Technology  Spectra 

POWER  CONDITIONING  EQUIPMENT  PROFILE  ^ - 7 - 7 - 7 - 7 - 7 - 7 - 7 - 7 - 7 - T 


f 

I 


A-20 


r 


APIENDIX  B 


KEY  WORD/PHRASE  LISTING 


B.l  SUSPENSION  AND  RELEASE  EQUIPMENT 

1 .  AERODYNAMICS 

Airborne,  Aircraft,  Aircraft  Carriage  Compatibility,  Aircraft  Weapon 
Carriage,  Airplane,  Analytical  Technique,  Captive  Load,  Carriage 
Drag,  Dispenser,  Flutter,  Installed  Load,  Launch  Disturbance,  Launch 
Dynamics,  Launcher,  Models,  Pylon,  Rack,  Rail,  Release  Envelope, 
Skin,  Stores  Carriage,  Stores  Separation,  Tip  Off,  Trajectory  Anal¬ 
ysis,  Weapon  Ballistics,  Wind  Tunnel 

2.  BACTERIA 

3 .  CONTROLS 

Aero,  Airborne,  Aircraft,  Armament,  Arras,  Automatic,  Bomb  Rack, 
Digital,  Electrical,  Electromechanical,  Fluid,  Fluidic,  Load, 
Mechanical,  Missile  Launcher,  Override,  Pressure,  PSI,  Remote, 
Sensors,  Stores  Temperature,  System  Device,  Valve,  Weapons 

4.  CORROSION 

Airborne,  Anodic,  Cathodic,  Cationic,  Coating,  Connector,  Control, 
Fatigue  Loading,  Galvanic,  Inhibition,  Maintenance,  Mechanical, 
Ocean,  Painting,  Plating,  Prevention,  Protection,  Replacement 
Material,  Resistance,  Sacrificial  Material,  Salt,  Sea,  Stress, 

Stress  Cracking,  Wear 

5.  ENVIRONMENT 
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6.  FLUIDICS 


Airborne,  Aircraft,  Characteristics,  Cold  Temperature,  Control, 
Cryogenic,  Dynamics,  Flow,  High  Temperature,  High  Viscosity, 

Launcher  Support,  Liquid  Phase,  Low  Viscosity,  Mechanics,  Property, 

Sensor 

7 .  PNEUMATICS 

Actuator,  Container,  Control,  Device,  Flow  Rate,  High  Pressure,  Low 
Pressure,  Power  Source/Supply  (Hydraulic,  Fluid,  Pneumatic,  Laser) , 
Pressure  Generation,  Servomechanism,  System,  Vacuum,  Valve,  Vessel 

8 .  HYDRAULICS 

Airborne,  Aircraft,  Accumulator,  Control,  Coupling,  Cylinder,  Fluid, 
Jets,  Pressure  Pump,  Seal,  Sensor,  Servomechanism,  Valves 

9.  LASERS 

10 .  MANUFACTURING 

Airborne,  Aircraft,  Airplane,  Automation,  Bonding,  Casting,  Connec¬ 
tor,  Dispenser,  Forging,  Launcher,  Process,  Pylon,  Rack,  Rail,  Skin, 
Welding 

11.  MATERIALS 

Adhesives,  Airplane/Airborne  Structure,  Alloys,  Composite,  Metals, 
Polymers,  Synthetic 

12.  PACKAGING 
Hydraulic,  Pneumatic 

13.  PYROTECHNICS 

Airborne,  Aircraft,  Booster,  Cartridge,  Delay  Equipment,  Detonator, 
Gas  Generator,  Igniter,  Jet,  Power  Source,  Primer,  Propellant, 
Safety,  Weapon 

14.  RELIABILITY 

Airborne,  Aircraft,  Availability,  Avionics,  Derating  Parameters, 
Mean  Time  Between  Failure,  Mechanical  Structure,  MTBF,  Readiness, 
Weapon 
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15.  STRUCTURES 


16 .  SAFETY 

Arms,  Handling,  Loading,  Stores,  Weapons 

B.2  STORES  MANAGEMENT  SYSTEM 

26 .  COMPUTERS 

Airborne,  Aircraft,  Architecture,  Armament,  Avionics,  Cost,  Distrib¬ 
uted  Process,  Electrical,  Failure  Mechanism,  General  Purpose,  Input 
Devices,  Integration,  Interface,  Keyboard,  Manufacturing, 

Mechanical,  Memory,  Microprocessor,  Minicomputer,  Missile  Launch, 
Mission,  Multifunction,  Network,  Programmable,  Reliable, 

Reliability,  Safety,  Shared,  Signal  Processing,  Weapon  Release 

27.  (Not  used) 

28 .  CONTROLS/DISPLAYS 

Calligraphic,  Computer,  Group,  Heads-Up,  Indicator  Lights,  Matrix 
Displays,  Moving  Target  Indicators,  Multifunction,  Screens, 
Television 

29.  DATA  BUS 

Airborne,  Aircraft,  Avionics,  Cable,  Circuit  Protection,  Connector, 
Communications  Network,  ICD,  Integration,  Power  Supply,  Signal 
Synthesis 

30 .  ELECTRICAL 

Amplif ier/Driver ,  Avionics  Regulators,  Avionics  Relays,  Avionics 
Switches,  Avionics  Transformers,  Converter,  Cost,  Fuzing,  Multiplex 
Terminal,  Power  Supply,  Reliability,  Safe/Arming,  Signal  Conditioner 

31.  ELECTROMAGNETIC  ENVIRONMENT 

Aircraft,  Armament,  Cables/Shielding,  Compatibility,  Electro¬ 
magnetic  Radiation,  Hazard,  Nuclear  Electro  Pulse,  Ordnance,  R&D, 
Safety,  Specification/Standard,  Vulnerability,  Weapon 
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32.  FIBER  OPTICS 


Amplifier/Driver,  Amplification,  Attenuation,  Bus  Architecture, 
Coupler,  Emitter,  Laser  Driver,  MIL-STD-1553B,  Multiplex  Digital 
Data  Bus,  Power,  Repeater,  Sensor,  Signal  Splitting 

33.  LANGUAGES 

AN/AYK-14,  Avionics,  CMS-2,  Fortran,  High  Order,  OMSI  (Oregon  Museum 
of  Science  Institute),  Operation  System,  Pascal,  Programming,  SDEX 

34.  LARGE  SCALE  INTEGRATION 

Airborne  Qualified,  Cost,  Digital  Data  Bus,  Manufacturing  Technol¬ 
ogies,  MIL-STD-1760,  Reliability,  Research  and  Development,  Voltage 
Protection,  Voltage  Standardization 

35.  (Not  used) 

36 .  MEMORY 

Airborne  Digital,  Bubble,  Erasable,  Non-Volatile,  Programmable, 
Reliability 

37 .  PACKAGING 

Airborne,  Aircraft,  Circuit  Board,  Electronics,  LSI  Module,  Micro¬ 
processor,  Minicomputer,  SEM  (Standard  Electronic  Module),  Standards 

38 .  RELIABILITY 

Computer  Coding,  Digital  Code,  Encoding,  Error  Correction,  Error 
Detection,  Signal  Coding 

39 .  SOFTWARE 

ADA,  Bit,  DEC  Computer,  Direct  Memory  Access,  Distributed  Data 
Process,  Documentation  (MIL-STD-1679) ,  High  Order  Language,  Human 
Factor,  Modularity,  Pilot  Interaction,  Standards/Spec,  Structured 
Programming,  Univac  Computer 

40 .  SWITCHING 

Airborne,  Aircraft,  Avionic,  Digital-Analog,  Electronics,  Solid 
State 
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41.  LASERS 


Detonator,  Driver,  Fuse,  Fuze,  Laser  Fusing,  Optical,  Packaged  Laser 
Weapon,  Podded  Laser  Weapon,  Power  Generator,  Power  Source,  Power 
Supply,  Self-Contained 


B-5 


APPENDIX  C 


DATA  SOURCES 


C.l  GOVERNMENT- INDUSTRY  DATA  EXCHANGE  PROGRAM 

The  Government- Industry  Data  Exchange  Program  (GIDEP)  is  a  cooperative 
data  exchange  among  government  and  industry  participants  seeking  to  reduce  or 
eliminate  expenditures  of  time  and  money  by  making  maximum  use  of  existing 
knowledge.  The  program  provides  a  means  of  automatically  exchanging  certain 
types  of  data  essential  in  the  research,  design,  development,  production,  and 
operational  life  cycle  of  systems  and  equipment. 

C.1.1  GIDEP  Data  Banks 

Participants  in  GIDEP  are  provided  access  to  four  major  data  banks: 

a.  Engineering 

b.  Metrology 

c.  Failure  Experience 

d.  Reliability-Maintainability 

A  member  organization  may  participate  in  any  or  all  data  banks  by  agreeing  to 
abide  by  the  requirements  for  participation  defined  in  Section  2  of  the  GIDEP 
Policies  and  Procedures  Manual. 

The  Engineering  Data  Bank  (EDB)  contains  engineering  evaluation  and 
qualification  test  reports,  nonstandard  parts  justification  data,  parts  and 
materials  specifications,  manufacturing  process  information,  failure  analysis 
data,  and  other  related  engineering  data.  The  bank  also  includes  a  section 
of  reports  on  specific  engineering  methodologies  and  techniques,  air  and 
water  pollution  reports,  alternate  energy  sources,  and  other  subjects.  The 
Engineering  Data  Bank  is  available  on  16-mm  microfilm.  The  data  bank  is 
supplemented  with  computerized  hard-copy  index,  abstracts,  and  hard-copy 
summary  sheets. 

The  Metrology  Data  Bank  (MDB)  contains  related  metrology  engineering 
data  on  test  systems,  calibration  systems,  and  measurement-technology  and 
test-equipment  calibration  procedures.  The  Metrology  Data  Bank  is  available 
on  16-mm  microfilm.  The  data  bank  is  supplemented  with  a  computerized  hard¬ 
copy  index. 
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The  Failure  Experience  Data  Bank  (FEDB)  contains  objective  failure 
information  generated  when  significant  problems  are  identified  concerning 
parts,  components,  processes,  fluids,  materials,  or  safety.  The  Failure 
Experience  Data  Bank  is  computerized  to  provide  source  data  collected  into 
selected  indexes  and  summaries.  Source  documents  are  contained  on  16-mm 
microfilm  in  the  Engineering  Data  Bank  as  a  permanent  record. 

The  Reliability-Maintainability  Data  Bank  (RMDB)  contains  failure 
rate/mode  and  replacement  rate  data  on  parts  and  components  based  on  field 
performance  information  and/or  reliability  demonstration  tests  of  equipment, 
subsystems,  and  systems.  The  Reliability-Maintainability  Data  are  abstracted 
for  computer  retrieval  and  also  distributed  as  hard-copy  summaries.  Reports 
and  source  data  are  contained  on  16-mm  microfilm. 

C.1.2  Data  Retrieval 


GIDEP  has  developed  a  data  retrieval  system  which  makes  the  microfilmed 
information  in  the  data  banks  rapidly  accessible,  either  through  hard  copy 
indexes  or  by  access  to  the  Operations  Center's  computer  data  system  through 
a  remote  computer  terminal. 


C. 2  DIALOG  INFORMATION  RETRIEVAL  SERVICE 

The  DIALOG  Information  Retrieval  Service  is  a  computerized  service  of 
the  Lockheed  Missiles  and  Space  Company,  Inc.  Following  is  a  listing  of 
specific  files  within  DIALOG  that  were  accessed  in  this  study.  More  detailed 
descriptions  of  these  files  appear  after  page  C-6  (reprinted  courtesy  of 
LMSC,  Inc.). 


File  Name  and  Description  File  No. 

NTIS  (National  Technical  Information  Service)  6 

COMPENDEX  (Engineering  developments)  8 

INSPEC  (Physics,  electrical  engineering,  electronics,  12,  13 

computers,  and  control  engineering 

ISMEC  (Mechanical  engineering)  14 

METADEX  (Metals/alloys)  32 

SCISEARCH  (Science  and  technology  literature)  34 

MAGAZINE  (Popular  American  magazine  articles)  47 

PIRA  (Paper  and  board,  printing,  packaging,  and  48 

manag  emen  t/ma  r  k  e  t i ng ) 

CPI  (Conference  Paper  Index)  77 

BHRA  (British  Hydromechanics  Research  Association)  96 

WELDA  SEARCH  (Welding  and  joining  of  metals  and  plastics)  99 

SURFACE  COATINGS  (All  aspects  of  coatings)  115 
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C. 3  PARTICIPATING  FIELD  ACTIVITIES 


Participating  Field  Activities  (PFAs  for  this  study  are  listed  below, 
together  with  areas  of  expertise  and  the  prime  individual  responding  to 
requests  for  information. 


PFA 

Areas  of  Expertise 

Contact 

Naval  Air  Development 
Center  (NADC) , 

Warminster ,  PA 

S&RE  gravity  rack  design  and  engi¬ 
neering,  SMS/avionics  system 
integration,  advanced  power  systems, 
displays/controls,  store  attachment, 
and  MSER  mods 

Tom  Milhous 

Naval  Ocean  System 

Center  (NOSC) , 

San  Diego,  CA 

Fiber  optics 

R.  D.  Harder 

Naval  Surface  Weapons 
Center  (NSWC) , 

Dahlgren,  VA 

Weapon  system  fuzing,  aircraft 
armament  safety,  ballistic  data 

Ken  Brown 

Pacific  Missile  Test 
Center  (PMTC/PM) , 

Point  Mugu,  CA 

Aircraft  stores  interface  manuals, 
air-to-air  flight  testing,  SM 
integration 

Naval  Weapons 

Evaluation  Facility 
(NWEF) , 

Albuquerque,  NM 

Aircraft  stores  compatibility  and 
interface,  aircraft  monitor  and 
control 

Naval  Ordnance  Station 
(NOS/IH) , 

Indian  Head,  MD 

Ejection  cartridges  (SSRE  power 
source) 

Marty  Henderson 

Naval  Avionics  Center 
(NAC/I) , 

Indianapolis,  IN 

Aircraft  monitor  and  control,  air¬ 
borne  weapon  control  and  release 
equipment 

Naval  Air  Test  Center 
(NATO) , 

Patuxent  River ,  MD 

Ground  support  equipment,  aircraft 
stores  compatibility,  separation 
flight  testing 

Norman  Davis 

Naval  Air  Engineering 
Center  (NAEC) , 

Lakehurst,  NJ 

Ground  support  equipment,  engineer¬ 
ing  specifications  and  standards 

DTNSRDC 

Conformal  carriage 

Naval  Safety  Center 
(NSC) , 

Norfolk,  VA 

Safety 

Mr .  Vose 

C. 4  INDUSTRY  CONTACTS 


Industrial  sources  providing  information  for  this  study  are  listed 


below. 

Alkan  Corporation 
235  Loop  820  N.E. 

Hurst,  TX  76053 
Kent  Goldsmith 
(817)  589-2451 

Control  Data  Corp. 

5630  Arbor  Vitae 
Los  Angeles,  CA  90045 
Wally  Jones 
(213)  642-2439 

Crouzet  Aeronautics  and  Systems 
5535  Balboa  Blvd., 

Encino,  CA  91316 
John  Lent 
(213)  995-3655 

Deutsch  Optical 
Waveguide  Systems 
Banning,  CA  92220 
(714)  849-7822 

EDO  Corporation 
13-10  111th  St., 

College  Point,  NY  11356 
Walter  Glover 
(213)  542-5524 

Fairchild  Industries 
Stratos  Div. 

1800  Rosecrans  Ave., 

Manhattan  Beach,  CA  90266 
C.  Ballard 

GSH  Technology,  Inc. 

1649  17th  St., 

Santa  Monica,  CA  90404 
(213)  450-0561 

Hughes  Aircraft 
17156  Von  Karman  Ave., 

Irvine,  CA  92705 
T.  Jarnigan 
(714)  549-5701 


ITT  Cannon 
666  E.  Dyer  Road 
Santa  Ana,  CA  92702 
L.  Fields 
(714)  972-2061 

ITT  Electro-Optical  Division 
7635  Plantation  Road 
Roanoke,  VA  24019 
J.  Smiley 
(703)  563-03781 

Northrop  Corporation 
3901  W.  Broadway 
Hawthorne,  CA  90250 
Ron  Blakhurst 
(213)  970-4027 

Perkin  Elmer  Corp. 

2  Crescent  Place 
Ocean  Port,  NJ  07757 
(201)  870-4712 

Pyle  National  Co. 

1334  N.  Roster  Ave., 

Chicago,  ILL  60651 
(312)  342-6300 

Rockwell  International 
Collins  Government 
Avionics  Division 
2201  Seal  Beach  Blvd., 

Seal  Beach,  CA  90740 
Edward  Martin 
(213)  594-2552 

Sanders  Associates 
Information,  Products  Division 
Daniel  Webster  Highway,  South 
Nashua,  NH  03061 
(603)  885-5280 

Scot  Incorporated 
1126  El  Camino  Drive 
Costa  Mesa,  CA  92626 
Ben  E.  Paul 
(714)  549-2405 
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Teledyne  Philbrick 
30941  Agoura  Road 
Westlake  Village,  CA  91361 
(213)  889-3827 

TRW  Cinch  Connectors 
1501  Morse  Ave. 

Elk  Grove  Village,  ILL  60007 
(312)  921-6151 


Western  Gear  Corp. 
P.0.  Box  629 
Jamestown,  ND  58401 
George  Demos 
(701)  252-6250 

Zilog,  Inc. 

10460  Bubb  Road 
Cupertino,  CA  95014 
(408)  446-4666 
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Interface  (Carriage  Phase);  General  Design  Criteria  for,  30  January  1979 
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Maintenance  Instructions,  Organizational,  Armament  Systems  A-7D, 
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October  1979 

Contract  Development  Specification  for  Advanced  Development  Model  (ADM) 
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Technical  Description  of  the  Advanced  Aircraft  Armament  System  Aircraft 
Hardpoint,  undated 

Technical  Description  of  the  Advanced  Aircraft  Armament  System  Pylons, 
undated 

Technical  Description  of  the  Advanced  Aircraft  Armament  System  Standard 
Armament  System  Interface,  undated 

Technical  Description  of  the  Advanced  Aircraft  Armament  System  Standard 
Store  Interface,  undated 

A- 7  ALOFT  (Avionic  Light  Optical  Fiber  Technology)  Economic  Analysis 
Development  Concept,  NELC/TD  435,  7  July  1975 


FILE  6 


DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

NTIS 


FILE  DESCRIPTION 


The  NTIS  database  consists  of  government-sponsored  research,  development,  and  engineering  reports  plus 
analyses,  journal  arttcles.  and  translations  prepared  by  federal  agencies,  their  contractors  or  grantees.  NTIS 
also  covers  federally  generated  machine-readable  files  and  software  as  well  as  U  S  Government  inventions 
available  for  liscensing.  It  is  the  means  through  which  unclassified,  unlimited  distribution  reports  are  made 
available  to  the  public.  (fl  6.1) 


SUBJECT  COVERAGE 

The  NTIS  database  includes  material  from  both  the  '’hard"  and  "soft”  sciences,  including  topics  of  immediate, 
broad  interest,  such  as  environmental  pollution  and  control,  energy  conservation,  technology  transfer,  health 
planning,  societal  problems,  and  urban  and  regional  development  and  planning  An  outline  of  the  subject 
coverage  of  this  file  is  shown  below:  («]  6.2) 


•  Administration 

•  Aeronautics  and  Aerodynamics 

•  Agriculture  and  Food 

•  Astronomy  and  Astrophysics 

•  Atmospheric  Sciences 

•  Behavior  and  Society 

•  Biomedical  Technology  and  Engineering 

•  Building  Technology 

•  Business  and  Economics* 

•  Chemistry 

•  Civil  Engineering 

•  Communication 

•  Computers,  Control  and  Information  Theory 

•  Electrotechnology 

•  Energy 

•  Environmental  Pollution  and  Control 


•  Health  Planning 

•  Industrial  and  Mechanical  Engineering 

•  Library  and  Information  Sciences 

•  Materials  Sciences 

•  Mathematical  Sciences 

•  Medicine  and  Biology 

•  Military  Sciences 

•  Natural  Resources  and  Earth  Sciences 

•  Navigation,  Guidance  and  Control 

•  Nuclear  Science  and  Technology 

•  Ocean  Technology  and  Engineering 

•  Physics 

•  Space  Technology 

•  Transportation 

•  Urban  and  Regional  Technology 


SOURCES 

Since  1964  more  and  more  federal  agencies  have  been  announcing  and  selling  reports  through  NTIS  so  that 
as  of  1977,  the  NTIS  database  represents  the  reports  of  over  300  federal  government  agencies  (<!  6.3) 


DIALOG  FILE  DATA 

Inclusive  Dates: 
Update  frequency: 

File  Size: 


1964  to  the  present 

Biweekly  (approximately  3,000  a  month) 
360,000  citations,  as  of  March  1977 


<1  6.4) 


ORIGIN  (H  6.5) 

National  Technical  Information  Service  (NTIS)  Telephone:  703/557-4642 
U  S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22151 


'Trademark  Reg.  U.S.  Pat  A  Trademark  Office. 


O  1 
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FILE  8 


DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

CO  MPENDEX 


FILE  DESCRIPTION 

The  COMPENDEX  database  is  the  machine-readable  version  of  The  Engineering  Index',  which  provides  the 
engineering  and  information  communities  with  abstracted  information  from  the  world's  significant  engineering 
and  technological  literature.  COMPENDEX  provides  worldwide  coverage  of  the  journal  literature,  publications 
of  engineering  societies  and  organizations,  papers  from  the  proceedings  of  conferences,  and  selected  government 
reports  and  books. 

(r  8  1) 


SUBJECT  COVERAGE 

COMPENDEX  is  an  interdisciplinary  index  to  the  world's  engineering  developments,  including  the  following 
sub":t  areas: 

r  8.2) 

•  Civil,  Environmental,  Geological  and  Biological  Engineering 

•  Electrical,  Electronics  and  Control  Engineering 

•  Chemical,  Agricultural  and  Food  Engineering 

•  Mining,  Metals  and  Fuel  Engineering  - 

•  Mechanical,  Automotive,  Nuclear  and  Aerospace  Engineering 

•  Industrial  and  Management  Applications 

SOURCES 

Publications  from  around  the  world  are  indexed,  among  which  are  the  following  types: 

C  8.3) 

•  Approximately  1800  journals 

•  Publications  of  engineering  societies  and  organizations 

•  Approximately  1000  works  from  conferences,  symposia,  etc. 

•  Selected  government  reports  and  books 

DIALOG  FILE  DATA 

Inclusive  Dates: 

Update  Frequency: 

File  Size: 

ORIGIN 

COMPENDEX  is  produced  by  Ei  and  questions  concerning  file  content  should  be  directed  to: 

(«  8.5) 


(«1  8.4) 

January  1970  to  the  present 

Monthly  (about  7,000  citations  per  month) 

Over  550,000  records,  as  of  April  1977 


Mr.  John  W.  Carrigy,  Manager  Telephone:  212/644-7600 

Magnetic  Tape  Sales 
Engineering  Index,  Inc.  (Ei) 

345  East  47th  Street 
New  York,  NY  10017 


'Trademark  Reg.  U.S.  P«.  Sc  Trademark  Office. 
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FILE  12 
FILE  13 


DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

INSPEC 


FILE  DESCRIPTION 


The  Science  Abstracts  family  of  abstract  journals,  indexes,  and  title  bulletins  commenced  publication  in  1898. 
Today  it  forms  the  largest  English-language  database  in  the  fields  of  physics,  electrical  engineering,  electronics, 
computers,  and  control  engineering.  Foreign-language  source  material  is  also  included,  but  abstracted  and 
indexed  in  English.  File  12  includes  Physics  Abstracts.  File  13  is  the  companion  file,  including  Electrical  and 
Electronics  Abstracts  and  Computer  and  Control  Abstracts.  (r  12.1) 

SUBJECT  COVERAGE 


The  principal  subject  areas  are  indicated  by  major  headings  below,  used  with  the  INSPEC  database  (File  12 


and  File  13): 

•  Atomic  and  Molecular  Physics 

•  Computer  Programming  and  Applications 

•  Computer  Systems  and  Equipment 

•  Condensed  Matter:  Electrical, 

Magnetic,  and  Optical  Properties 

•  Condensed  Matter:  Structure,  Thermal, 
and  Mechanical  Properties 

•  Control  Technology 

•  Electrical  and  Magnetic  Devices 

•  Electromagnetics,  Optics,  and  Circuits 


SOURCES 


(c  12.2) 

•  Gases.  Fluid  Dynamics,  and  Plasmas 

•  General  Topics 

•  Elementary  Particle  Physics 

•  Instruments  and  Measurement 

•  Interdisciplinary  Subjects 

•  Information/Communication 
Science  and  Engineering 

•  Mathematics  and  Mathematical 
Physics 

•  Nuclear  Physics 

•  Power  Systems  and  Applications 


Journal  papers,  conference  proceedings,  technical  reports,  books,  patents,  and  university  theses  are  abstracted 
and  indexed  for  inclusion  in  the  INSPEC  database.  The  number  of  journals  scanned  regularly  is  approximately 
2,100:  over  340  of  these  are  abstracted  completely.  (r  12.3) 

DIALOG  FILE  DATA  ("  12.4) 


Inclusive  Dates: 
Update  Frequency- 
File  Size: 

ORIGIN 


1969  to  present 

Monthly  (approximately  12,500  citations  per  month) 
About  500,000  records  in  each  file,  as  of  May  1977 


INSPEC  is  produced  by  IEE  and  questions  concerning  file  content  should  be  directed  to  either  of  the  following 
offices:  (T  12.5) 


INSPEC  Market  Administrator 
IEEE 

445  Hoes  Lane 
Piscataway,  NJ  08854 
USA 

Telephone:  201/981-0060 

‘Trademark  Ren-  L'.S.  Par.  St  Trademark  Office. 


INSPEC  Magnetic  Tape  Services 
IEE 

Station  House.  Nightingale  Road 
Hitchin  Herts  SG5  1RJ 
England 

Telephone:  0462  53331 


C-9 
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FILE  14 

DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

ISMEC 


FILE  DESCRIPTION  and  SOURCES 

The  ISMEC  (Information  Service  in  Mechanical  Engineering)  database  corresponds  to  the  biweekly  printed 
ISMEC  Bulletin.  ISMEC  indexes  significant  articles  in  all  aspects  of  mechanical  engineering,  production 
engineering,  and  engineering  management  from  approximately  230  journals  published  throughout  the  world. 
In  addition,  books,  reports  and  conference  proceedings  are  indexed  These  sources  are  further  supplemented 
by  relevant  material  from  more  than  2.000  periodicals  in  physics  and  engineering  that  are  received  by  INSPEC. 
The  primary  emphasis  is  on  comprehensive  coverage  of  leading  international  journals  and  conferences  on 
mechanical  engineering  subjects  ('  14.1) 


SUBJECT  COVERAGE 

The  principal  subject  areas  are  indicated  by  the  hierarchical  classification  scheme  developed  by  ISMEC  A 
representative,  but  not  exhaustive,  listing  of  the  sections  comprising  each  division  is  given  below  («■  u  2) 


•  Management  and  Production 
Management  Studies 
Production 

•  Measurement  and  Control 
Measurement  Science 
Measurement  and  Control  of 

Specific  Variables 
Measurement  and  Control 
Equipment 

Fluidic  Devices  and  Systems 

•  Mechanics,  Materials,  and 

Devices 

Analytical  Mechanics 
Mechanical  Properties  and 
Effects 

Physical  and  Chemical 
Properties  and  Effects 
Materials  Testing 
Fluid  Mechancts 
Tribology 

Mechanical  Components 
Acoustic  Devices  and 
Equipment 


DIALOG  FILE  DATA 


•  Production  Processes. 

Tools,  and  Equipment 
Hardening 
Forming  Processes 
and  Equipment 
Machining  and  Machine 
Tools 

Joining  Processes  and 
Equipment 
Finishing  Processes 
and  Equipment 
Hand  Tools 

•  Energy  and  Power 
Thermodynamics 
Heating,  Cooling. 

and  Ventilating 
Fuel  Technology 
Engines 

Mechanical  and  Fluid 
Power  Transmission 

•  Transport  and  Handling 
Motor  Vehicle  Engineering 
Motorless  Vehicle 

Engineering 
Railway  Engineering 
Marine  Engineering 


Aerospace  Engineering 
Mechanical  Handling 

•  Mechanical  Engineering 

and  Natural  Resources 
Agricultural  Engineering 
Mining 

Oil  and  Natural  Gas 
Ecology 

•  Mechanical  Engineering 

in  Science  and  Industry 
NgJear  Engineering 
Electrical  Engineering 
Electronic  Eng-ncenng 
Civil  Engineering 
Optica*  Engineering 
Medical  Engineering 
Industrial  Process 
Engineering 

•  Other  Applications  ol 

Mechanical  Engineering 
Military  Engineering 
Business  Equipment 
Domestic  Equipment 
Other  Special  Applications 


('  14  J) 


Inclusive  Dales 
L'pdaie  Frequency 
File  Size 


1973  lo  the  present 

Monthly  (approximately  15,000  citations  a  year) 
58.000  citations,  as  of  March  1977 


ORIGIN 


Data  Courier,  Inc  Telephone:  502/582-4111 

0 20  South  5th  Street 
Louisville.  KY  40202 

*  Trademirk  Re*,  t  S  P><  *  Tradcnuck  Office 
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FILE  DESCRIPTION 

The  METAOEX  (Metal  Abstracts/Alloys  Index)  database,  produced  by  the  Americon  Society  for  Metals 
(ASM)  and  The  Metals  Society  (London),  provides  comprehensive  coverage  of  international  metals 
literature.  The  database  corresponds  to  the  printed  publications:  Review  of  Metal  Literature 
(1966-67),  Metals  Abstracts  (1968  to  the  present),  and  Alloys  Index  (1974  to  the  present).  The  Metals 
Abstracts  portion  of  the  file  includes  references  to  about  1,200  primary  journal  sources.  Alloys  Index 
supplements  Metals  Abstracts  by  providing  access  to  the  records  through  commercial,  numerical,  and 
compositional  alloy  designations;  specific  metallic  systems;  and  intermetallic  compounds  found  within 
these  systems. 

Informative  abstracts  are  included  for  most  records  since  1979. 

SUBJECT  COVERAGE 

In  addition  to  specialized  topics  (including  specific  alloy  designations,  intermetallic  compounds,  and 
metallurgical  systems),  six  basic  categories  of  metallurgy  are  covered: 

•  Materials  •  Products 

•  Processes  •  Forms 

•  Properties  •  Influencing  Factors 

SOURCES 

Each  month  about  3,000  new  documents  from  a  variety  of  international  sources  are  scanned  and 
abstracted  for  the  ASM  database,  with  intensive  coverage  of  appropriate  journals,  conference  papers, 
reviews,  technical  reports,  and  books.  Dissertations,  U .5.  patents,  and  government  reports  have  been 
included  since  1979. 

DIALOG  FILE  DATA 

Inclusive  Dates: 

Update  Frequency: 

File  Size: 

ORIGIN 

METADEX  is  produced  by  Metals  Information,  a  joint  service  of  the  American  Society  for  Metals  and 
The  Metals  Society.  Questions  concerning  file  content  should  be  directed  to: 

Ed  Kaminski  Telephone:  21 6/338-51  SI 

Manager,  Information  Services  TELEX:  980-619  METALEX-MTPK 

American  Society  for  Metals 
Metals  Park,  OH  44073 

Database  copyrighted  by  the  American  Society  for  Metals  and  The  Metals  Society. 


1966  to  the  present;  Allays  Index,  1974  to  the  present 
Monthly  (approximately  3,000  records  per  month) 
405,000  records  as  of  October  1980 


DIALOG  is  a  Trademark  of  LMSC,  Inc.  Reg.  U.S.  Pat.  A  Trademark  Office. 
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FILE  34 


DIALOG*  INFORMATION  RFTRIEVAL  SERVICE 


SCISEARCH 


FILE  DESCRIPTION 


SCISEARCH.is  a  multidisciplinary  index  to  the  literature  of  science  and  technology  prepared  by  the  Institute 
for  Scientific  Information  (ISI*).  It  contains  all  the  records  published  in  Science  Cuouon  Index  (SCI*)  and 
additional  records  from  the  Current  Contents  series  of  publications  that  are  not  included  in  the  printed  version 
of  SCI  SCISEARCH  is  distinguished  by  two  important  and  unique  characteristics  First,  journals  indexed 
are  carefully  selected  on  the  basis  of  several  criteria,  including  citation  analysis,  resulting  in  the  inclusion  of 
90  percent  of  the  world’s  significant  scientific  and  technical  literature  Second,  citation  indexing  is  provided, 
which  allows  retrieval  of  newly  published  articles  through  the  subject  relationships  established  by  an  author's 
reference  to  prior  articles.  (f  34  1) 

SUBJECT  COVERAGE 


Subjects  include  the  following  areas: 


(f  34.2) 


•  Acoustics 

•  Aeronautics 

•  Agriculture 

•  Astrophysics 

•  Behavioral  Sciences 

•  Biochemistry 


•  Biology 

•  Biophysics 

•  Botany 

•  Cardiology 

•  Chemistry 

•  Dermatology 


•  Electronics 

•  Engineering 

•  Environmental  Science 

•  Geology 

•  Mathematics 


•  Medicine 

•  Microbiology 

•  Pharmacology 

•  Physics 

•  Physiology 


•  Psychiatry 

•  Psychology 

•  Surgery 

•  Virology 

•  Zoology 


SOURCES 

The  ISI  staff  indexes  all  significant  items  (articles,  reports  of  meetings,  letters,  editorials,  correction  notices, 
etc.)  from  about  2,600  major  scientific  and  technical  journals.  In  addition,  the  SCISEARCH  file  for  1974-75 
includes  approximately  38,000  items  from  Current  Contents  —  Clinical  Practice  Beginning  January  1,  1976, 
all  items  from  Current  Contents  —  Engineering,  Technology,  and  Applied  Sciences  andCurrenr  Contents  — 
Agriculture.  Biology,  and  Environmental  Sciences  that  are  not  presently  covered  in  the  printed  SCI  will  be 
included  each  month.  This  expanded  coverage  will  add  approximately  58,000  items  per  year  to  the  SCISEARCH 
file.  (?  34.3) 


DIALOG  FILE  DATA 


r  34.4) 


Inclusive  Dates: 
Update  Frequency: 
File  Size: 


January  1974  to  the  present 

Monthly  (about  42,000  items  per  month) 

More  than  1,500,000  citations,  as  of  June  1977 


ORIGIN 

SCISEARCH  is  produced  by  ISI  and  questions  concerning  the  file  content  should  be  directed  to:  (”  34.5) 


Mr.  Richard  Sweet,  Manager 
Data  Base  Marketing 
Institute  for  Scientific  Information 
325  Chestnut  Street 
Philadelphia,  PA  19106 


Telephone:  800/523-1850  toll  free;  in  Penn 
call  215/923-3300,  Ext.  357,  collect. 


’Trademark  Reg.  U.S.  Pac.  It  Trademark  Office. 
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FILE  47 


DIALOG*  INFORMATION  RETRIEVAL  SERVICE 
MAGAZINE  INDEX™ 


FILE  DESCRIPTION 

MAGAZINE  INDEX  provides  cover-to-cover  indexing  of  over  370  popular  American  magazines.  All  articles, 
news  reports,  editorials  on  major  issues,  product  evaluations,  biographical  pieces,  short  stories,  poetry,  recipes, 
and  reviews  are  included.  The  only  items  not  included  are  minor  personnel  notes,  brief  bulletins  and  other 
ephemera.  MAGAZINE  INDEX  is  particularly  useful  for  answering  general  reference  questions;  because  it  in¬ 
cludes  information  not  available  in  any  other  online  database,  it  provides  a  valuable  adjunct  in  such  areas  as 
market  research,  public  relations,  government  relations,  journalism,  food  and  nutrition,  and  the  social  sciences. 

SUBJECT  COVERAGE 

The  subject  coverage  of  the  magazines  included  in  MAGAZINE  INDEX  can  be  broken  down  by  the  following 
major  groupings: 

•  General/News 

•  Man  and  His  Society 

•  Life  and  Living 

•  Leisure  Time  Activities 

•  Home  Centered  Arts 

•  Sports,  Recreation,  Travel 

SOURCES 

MAGAZINE  TNDEX  provides  coverage  of  the  371  most  popular  magazines  in  America  and  includes  coverage 
of  all  173  magazines  covered  by  Reader's  Guide. 

DIALOG  FILE  DATA 

Inclusive  Dates: 

Update  Frequency: 

File  Size: 

DOCUMENT  RETRIEVAL 

MAGAZINE  INDEX  provides  a  document  copy  and  delivery  service  for  articles  from  magazines  not  available 
in  a  local  library.  The  service  is  provided  in  compliance  with  the  Copyright  Act  of  1978  and  in  cooperating 
with  the  Copyright  Clearance  Center.  There  is  a  processing  fee  and  per-page  copy  charge.  For  further  informa¬ 
tion  contact  MAGAZINE  INDEX  below. 

ORIGIN 

MAGAZINE  INDEX  is  produced  by  The  Magazine  Index,  a  division  of  IAC,  and  questions  concerning  file 
content  should  be  directed  to: 

Mr.  Dick  Kollin  Telephone:  800/227-8431  toll  free  or  in  Calif.  41 5/941-1 100 

Vice  President 
The  Magazine  Index 
Information  Access  Corp. 

885  North  San  Antonio  Rd. 

Los  Altos.  CA  94022 


1976  to  the  present 

Monthly  (approximately  5,000  citations  per  month) 
58,000  records,  as  of  April  1978 


•  The  Performing  Arts,  Literature 

•  Business 

•  Science  and  Technology,  Agriculture 

•  Consumer  Product  Evaluation 

•  Regional 

•  Environment 


'Trademark  Reg.  U.S.  Pat.  &  Trademark  Office 
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DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

PIRA 


FILE  48 


FILE  DESCRIPTION 

PIRA  is  a  machine-readable  version  of  Paper  and  Board  Abstracts,  Printing  Abstracts,  Packaging  Abstracts , 
and  Management  and  Marketing  Abstracts.  The  first  three  provide  abstracts  of  industry-specific  scientific, 
technical,  marketing,  and  management  literature;  the  last-named  covers  the  general  literature  and  is  not  slanted 
to  any  particular  industry. 

SUBJECT  COVERAGE 


The  database  is  divided  into  four  principal  subject  areas:  paper  and  board,  printing,  packaging,  and  manage¬ 
ment  and  marketing.  A  representative,  but  not  exhaustive,  listing  of  subjects  covered  is  given  below. 


•  Adhesives 

•  Binding 

•  Composition 

•  Education  and  Training 

•  Finishing 

•  Food  Packaging 

•  Forecasting 

•  Graphic  Arts 

•  Industrial  Relations 

•  Inks 

•  Materials 

(  SOURCES 


•  Machinery 

•  Occupational  Safety 

•  Plastics  Packaging 

•  Pollution 

•  Production 

•  Pulps 

•  Recycling 

•  Reprography 

•  Retailing 

•  Testing 


Material  in  PIRA  is  gathered  from  literature  published  throughout  the  world  and  includes  over  bOO  periodicals 
as  well  as  books,  pamphlets,  standards,  specifications,  legislation,  translations,  conference  papers,  research 
reports,  trade  literature,  and  other  information. 

DIALOG  FILE  DATA 

Inclusive  Dates:  1975  to  the  present 

Update  Frequency.  Monthly  (approximately  10,000  citations  a  year) 

File  Size.  31 ,000  records,  as  of  May  1978 

ORIGIN 

PIRA  is  produced  by  Pira,  and  questions  concerning  file  content  should  be  directed  to 

Pira  Telephone:  Leatherhead  76161 

The  Research  Association  for 
the  Paper  and  Board, 

Printing  and  Packaging  Industries 
Randalls  Road,  Leatherhead 

Surrey  KT22  7RU,  U  K.  Telex:  929810 


•Trademark  Reg.  U  S.  Pat.  &  Trademark  Office. 
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FILE  77 


DIALOG*  INFORMATION  RETRIEVAL  SERVICE 
CONFERENCE  PAPERS  INDEX 

RLE  DESCRIPTION 

CONFERENCE  PAPERS  INDEX  (CPI)  covers  about  100,000  papers  of  approximately  1,000  scien¬ 
tific  and  technical  meetings  worldwide  each  year.  Because  of  the  inherently  strong  interdiscipli¬ 
nary  orientation  of  scientific  meetings,  CONFERENCE  PAPERS  INDEX  is  extremely  useful 
because  it  provides  a  single  index  to  meetings  in  all  scientific  and  technical  fields.  The  corre¬ 
sponding  printed  publication  is  the  monthly  Conference  Papers  Index. 

SUBJECT  COVERAGE 

CONFERENCE  PAPERS  INDEX  covers  meeting  and  papers  in  the  following  areas: 


Life  Sciences: 

Engineering: 

Physical  Sciences: 

• 

Clinical  Medicine 

•  Aerospace 

• 

Chemistry 

• 

Experimental  Biology 

•  Mechanical 

• 

Geosciences 

and  Medicine 

•  Civil 

• 

Physics 

• 

Animal  and  Plant 

•  Electronic 

• 

Mathematics 

Science 

•  Chemical 

• 

Operational  Research 

• 

Biochemistry 

Nuclear 

• 

Materials  Science 

• 

Pharmacology 

•  Power 

and  Technology 

SOURCES 

The  information  included  in  CONFERENCE  PAPERS  INDEX  is  taken  from  the  final  program  or  ab¬ 
stract  publication  of  conferences,  supplemented  by  responses  to  questionnaires  sent  by  CON¬ 
FERENCE  PAPERS  INDEX  staff.  Each  entry  includes  the  title  of  the  paper;  name(s)  of  author(s); 
conference  publications  issued  or  planned  for  issuance;  preprints,  reprints,  abstract  booklets, 
and  proceedings  volumes  available;  dates  of  availability;  costs;  and  ordering  procedures. 

CONFERENCE  PAPERS  INDEX  may  also  include  both  references  to  papers  presented  at  confer¬ 
ences  but  not  yet  published,  and  to  some  not  intended  for  publication.  Entries  include  the  location 
of  the  author  for  further  information. 

DIALOG  RLE  DATA 

Inclusive  Dates:  January  1973  to  the  present 

Update  Frequency:  Monthly  (approximately  10,  000  records  per  month) 

File  Size:  530,000  records  as  of  August  197S 

ORIGIN 

CONFERENCE  PAPERS  INDEX  is  produced  by  Data  Courier,  Inc. ,  620  South  Fifth  Street,  Louis¬ 
ville,  Kentucky  40202. 

Questions  concerning  file  content  should  be  directed  to: 

Information  Services  Dept.  Telephone:  502/582-4111 

Data  Courier,  Inc. 

620  South  Fifth  Street 
Louisville,  Kentucky  40202 
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BHRA  FLUID  ENGINEERING 
ABSTRACTS  (FLUIDEX) 

DIALOG  INFORMATION  RETRIEVAL  SERVICE 


FILE  DESCRIPTION 

BHRA  FLUID  ENGINEERING  ABSTRACTS  (FLUIDEX)  is  a  specialized  database  produced  by  the  British 
Hydromechanics  Research  Association  (BHRA).  It  provides  a  comprehensive  source  of  information  on 
all  aspects  of  fluid  engineering  and  behavior  and  applications  of  fluids.  The  file  contains  records 
from  the  ten  BHRA-produced  abstract  journals  and  other  sources. 

An  informative  abstract  is  included  for  most  records. 

SUBJECT  COVERAGE 

Coverage  includes  all  aspects  of  fluid  engineering: 

•  Aerodynamics;  Meteorology;  Wind  Energy 

•  Noise 

•  Coastal  and  Inland  Fluid  Engineering 

Works;  Offshore  Technology 

•  Multiphase  Flow 

•  Mixing 

•  Measurement  and  Instrumentation 

•  Oilhydraulics  (Fluid  Power) 

•  Fluidics 

•  High  Pressure  Technology  -  Jet  Cutting 

•  Computational  Fluid  Mechanics; 

Mathematical  Modelling 

•  Fluid  Sealing 

SOURCES 

BHRA  FLUID  ENGINEERING  ABSTRACTS  contains  references  to  articles  from  550  international 
scientific  and  technical  journals.  Reports,  conference  proceedings,  theses,  books,  standards,  and 
8ritish  patents  are  also  included. 

DIALOG  FILE  DATA 

Inclusive  Dates: 

Update  Frequency: 

File  Size: 

ORIGIN 

BHRA  FLUID  ENGINEERING  ABSTRACTS  (FLUIDEX)  is  produced  by  the  British  Hydromechanics 
Research  Association.  Questions  concerning  file  content  should  be  directed  to: 

FLUIDEX  Database  Support  Team  Telephone:  (0234)  750422 

BHRA  Fluid  Engineering  TELEX:  825059 

Cranfield 

Bedford,  MK43  OAJ 
United  Kingdom 

No  special  terms  or  conditions. 


1974-1976;  1978  to  the  present  (1977  to  be  added  in  1981) 
Quarterly  (approximately  3,000  records  per  update) 

58,000  records  as  of  December  1980 


•  Materials  -  Properties,  Corrosion 

e  Process  Engineering  (except  Mixing) 
e  Heat  Exchange 
e  Dredging,  Mining 

•  Oceanography 

•  Pumps,  Compressors,  Hydraulic  Turbines; 

Pipelines,  Pipes  and  Fittings; 

Storage  Vessels 

•  Fluid  Mechanics  in  General 

•  Tribology 
e  Rheology 

e  Energy  Extraction,  Storage  and  Conversion 


DIALOG  is  a  Trademark  of  LMSC,  Inc.  Reg.  U.S.  Pat.  <&  Trademark  Office. 
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DIALOG  INFORMATION  RETRIEVAL  SERVICE 

WELDASEARCH 


FILE  DESCRIPTION 

WELDASEARCH.  the  database  of  The  Welding  Institute,  is  a  comprehensive  database  covering  all 
aspects  of  the  joining  of  metals  and  plastics.  Welded  design,  welding  metallurgy,  fatigue,  and 
fracture  mechanics  are  included,  as  well  as  related  areas  such  as  metals  spraying  and  thermal 
cutting.  The  database  provides  international  coverage  of  journals,  books,  patents,  theses,  con¬ 
ferences,  etc.  The  file  is  indexed  using  the  International  Welding  Thesaurus.  There  is  no  corre¬ 
sponding  paper  index  or  abstract  journal. 

SUBJECT  COVERAGE 

All  aspects  of  the  welding  arxi  joining  of  metals  and  plastics  are  included;  in  particular,  the  follow¬ 
ing  topics: 


Welding 

• 

Welding  and  joining  equipment 

Brazing 

• 

Corrosion 

Soldering 

• 

Welded  construction 

Thermal  cutting 

• 

Quality  control 

Metal  spraying 

• 

Nondestructive  testing 

Design  of  welded  structures 

• 

Pipelines 

Fatigue  of  welds 

• 

Pressure  vessels 

Brittle  fracture 

• 

Offshore  structures 

SOURCES 

* 

WELDASEARCH  is  international  in  scope  covering  several  thousand  journals  as  well  as  research 
reports,  books,  and  monographs,  new  standards,  patents  (mostly  U.K. ),  theses,  and  special 
publications. 

DIALOG  FILE  DATA 

Inclusive  Dates:  1967  to  present 

Update  Frequency:  Monthly  (approximately  4,500  citations  per  year) 

File  Size:  45,000  records  to  March  1979 

ORIGIN 

WELDASEARCH  is  produced  by  The  Welding  Institute  and  questions  concerning  file  content  should 
be  directed  to: 

Mr.  R.  T.  Bryant  Telephone:  Cambridge  0223  891162 

Head  of  Information  Processing  Telex:  81183 

The  Welding  Institute 

Abington,  Cambridge  CB1  6AL 

ENGLAND 


No  special  terms  or  conditions. 
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DIALOG*  INFORMATION  RETRIEVAL  SERVICE 

SURFACE  COATINGS  ABSTRACTS 


FILE  DESCRIPTION 

SURFACE  COATINGS  ABSTRACTS  is  derived  from  the  publication  World  Surface 
Coatings  Abstracts  (WSCA),  founded  in  1928.  It  provides  worldwide  coverage  of  the 
significant  literature  on  all  aspects  of  coatings  applied  to  materials.  SURFACE 
COATINGS  ABSTRACTS  is  produced  by  the  Paint  Research  Association. 

SUBJECT  COVERAGE 

Subject  areas  encompass  all  aspects  of  surface  coatings  including  the  following: 

•  Paints 

•  Varnishes 

•  Lacquers 

•  Component  Polymers  and  Pigments 

•  Printing  Inks  and  Recording  Materials 

•  Adhesives 

•  Dyestuffs 

•  Fire  Retardants 

SOURCES 

SURFACE  COATINGS  ABSTRACTS  is  international 
articles,  conference  proceedings,  books,  and  patents. 

DIALOG  FILE  DATA 

Inclusive  Dates:  1976  to  the  present 

Update  Frequency:  Monthly  (approximately  700  records  per  update) 

File  Size:  31,500  records  as  of  January  1980 

ORIGIN 

SURFACE  COATINGS  ABSTRACTS  is  produced  by  the  Paint  Research  Association. 
Questions  concerning  file  content  should  be  directed  to: 

Dr.  N.  R.  Morgan  Telephone:  01  977  4427-9 

WSCA  Editorial  Board  TELEX:  928720 

Paint  Research  Association 
Waldegrave  Road 
Tedding  ton 

Middlesex  TWII  8LD 
United  Kingdom 


•  Resins 

•  Solvents 

•  Plasticizers 

•  Industrial  Hazards 

•  Pollution 

•  Testing 

•  Technoeconomics 


in  scope;  sources  include  journal 


Database  copyrighted  by  the  Paint  Research  Association. 
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C. 6  FIGURE/TABLE  SOURCE  INFORMATION 


C.6.1  Figures 

No. 
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C.  Hwing,  B.A.  Winther,  G.R.  Mills,  T.E.  Noll,  M.G. 
Farmer,  "Demonstration  of  Aircraft  Wing/Store 
Flutter  Suppression  Systems",  Journal  of  Aircraft, 
August  1979 


W.H.  Reed,  J.T.  Foughner,  H.L.  Runyan,  "Decoupler 
Pylon:  A  Simple,  Effective  Wing  Store  Flutter 
Suppressor",  Journal  of  Aircraft,  March  1980 


Dann,  R.T.,  "Hydraulic  Technology  Stacks  Up  Gains 
in  Power  and  Precision",  Machine  Design,  January 
1979 


D.C.  Downs,  S.  Vikers,  "Cartridge  Check  Valves", 
Machine  Design,  December  1980 

R.K.  Smyth,  "Avionics  and  Controls  in  Review", 
Astronautics  and  Aeronautics,  April  1980 

Dann,  R.T.,  "Hydraulic  Technology  Stacks  Up  Gains 
in  Power  and  Precision",  Machine  Design,  January 
1979 

L.  Ascani  and  L.  Lackman,  (Rockwell  Int.),  "Design- 
to-Cost  With  Advanced  Composites  and  Advanced 
Metallics",  Journal  of  Aircraft,  October  1979 


Naval  Ordnance  Station,  "CAD  6.2  Function  -  Overview" 
5123B: IBD,  8900/4,  Ser  1164 

Control  Data  Corporation,  Stores  Management  Systems, 
document  TP-908,  August  1980 

J.  Hughes  and  M.  Conrad,  "Microfunctions 
Distribute  VLSI  Advantages",  Electronic  Design 
Magazine,  December  1980 

Smyth,  R.K. ,  "Avionics  and  Controls  in  Review", 
Astronautics  and  Aeronautics,  April  1980 
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26-3 

J.  Hughes,  "Micro-Computers  —  Technology  is 
Changing  the  Issues",  Digital  Equipment  Corp. 

28-1 

R.A.  Juergens  (McDonnell  Aircraft  Co.),  "F/A-18 
Hornet  Display  System",  NAECON  1979,  Vol.  I 
(IEEE) 

28-2 

P.R.  Snow  (Me  Donnell  Aircraft  Co.),  "F/A-18 
Horizontal  Situation  Display",  NAECON  1980, 

Vol.  3  (IEEE) 

29-1 

W.J.  Sternberg  (Delco  Electronics  Div., 

General  Motors  Corp.),  "Stores  Management  and 

Data  Bus  Systems",  NAECON  1977  (IEEE) 

29-2 

L.  Ciasulli,  P.  Henderson,  "ULAIDS  -  1553 
Architecture  with  Dynamic  Bus  Allocation", 
publication  ASD-TR-78-34,  October  1978, 
Aeronautical  Systems  Division 

29-3 

ILC  Data  Device  Corp.,  "Specification  BUS-1553, 
MIL-STD-1553  Interface  Module",  December  1980 

30-1 

M.  Grossman,  "Focus  on  Switching  Power  Supplies", 
Electronic  Design  Magazine,  March  1981 

31-1 

J.  McDermott,  "EMI  Shielding  and  Protective 
Components",  EDN,  September  5,  1979 

31-2 

Design  Handbooks  Branch,  Aeronautical  Systems 
Division,  Desiqn  Handbook  -  Electromagnetic 
Compatibility,  Report  AFSC  DH  1-4,  10  January 

1969 

32-1 

C.K.  Kao  (ITT,  Electro-Optical  Products  Division) , 
"Future  of  Optical  Fiber  Systems  for  Undersea 
Applications",  Sea  Technology  Magazine,  May  1980 

34-1 

34-2 

34-3 

34-5 

J.M.H.  Heines  (Raytheon  Co.,  Submarine  Signal 
Division) ,  "Built-in-Test  and  VHSIC/VLSI 
Technology",  Electronics  Test  Magazine,  October 
1980 

34-4 

R.K.  Smyth  (Milco  International,  Inc.),  "Avionics 
and  Controls  in  Review",  Astronautics  and 
Aeronautics,  1980 
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D.  Bursky,  "1981  Technology  Forecast,  Digital 
LSI  -  Semiconductors",  Electronic  Design  Magazine 

E. R.  Hnatek  (Monolithic  Memories),  "Semiconductor 
Memory  Update  -  Part  Is  ROMS",  Computer  Design 
Magazine,  December  1979 

D.M.  Reece  (Naval  Weapons  Support  Center)  and 
R.H.  Huss  (Naval  Avionics  Center) ,  "The  Standard 
Electronic  Modules  Program",  Electronic  Packaging 
and  Production  Magazine,  July  1980  (IEEE) 

C.L.  Lasses,  "Wanted:  A  New  Interconnection 
Technology",  Electronics  Magazine,  September  27,  1979 

J.  Murray  and  J.  Reising,  "Tailoring  Software  Logic 
to  the  Needs  of  the  Pilot:  A  Software  Designer's 
Nightmare?",  NAECON  1980,  Vol.  3  (IEEE) 

B.H.  Carlisle,  "Bipolars  Fight  Back",  Machine  Design 
Magazine,  January  24,  1980 


C.K.  Kao  (ITT,  Electro-Optical  Products  Division), 
"Future  of  Optical  Fiber  Systems  for  Undersea 
Applications",  Sea  Technology  Magazine,  May  1980 

R.B.  Laver,  J.  Scnlafer,  "LEDs  or  DSs:  Which  light 
source  shines  brightest  in  fiber-optic  telecom 
systems?",  Electronic  Design  Magazine,  April  12,  1980 
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M.D.  Prince  (Lockheed  Aircraft  Co.),  "Integrated 
Displays  and  Controls  Design  Factors  for  the 
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ARINC  Research  Corporation 

ILC  Data  Device  Corp.,  "BUS-8555  Data  Bus  Receiver", 
January  1981 

ILC  Data  Device  Corp.,  "BUS-8556  Data  Bus  Transmitter' 
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Transceiver",  October  1980 

Harris  Corp.,  "HD-15531  CMOS  Manchester  Encoder- 
Decoder",  Dipolar  &  CMOS  Digital  Data  Book, 
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Circuit  Technology,  Inc.,  "CT  1553-1  MIL-STD-1553 
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